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I. INTRODUCTION

The score obtained by an individual on an achievement
test will, depending on the standard employed, generally pro-
vide two types of information. If information pertaining to
an individual’s starding in reference to others in a particu-
lar growp is desired, a relative standard is employed. Glaser
referred to such a measure as a "norm-referenced me:asure.“1
Scores on norm-referenced measures are typically in the form
C. percentiles, equivalent scores, standard scores, etc.

If information pertaining to an individual's level
of mastery of some specified criterion is desired, an abso-
lute standard is employed. Such a measure is referred to by

2

Glaser as a "criterion-reference? measure." The same dis-

tinction has been made vy Ebel with "Normative Standard Scores"”

w3

versus "Content Standard Scores, and Flanagan with "standard"

i Robert Glaser, "Instructional Technology and the
Measurement of Learning Outcomes: Some Questions," American
Psychologist, XVIII (1963), 520.

2 1pid., p. 513.

3 Re_art L. Ebel, "Content Standard Test Scores,"
Educational and Psychological Measurement, XXII (1962), 15.
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4

versus "norm® scores. According to Glaser:s

Measures which assess student achievement in
terms of a criterion standard thus provide infor-
mation as to the degree of competence attained by

a particular student which is independent of ref-
erence to the performance of others.®

In many classroom situations the use of norm-referenced
measures has been emphasized. Typically, the instructional
sequence, materials, and rate of progress for each student in
the class are held constant. At the end of some specified unit
an achievemenl. test is administered to the entire class at the
same time. The student's scores are then ranked in relation to
each other, or in some instances, the scores are ranked -nd
interpreted in reference to some normative group.

While providing information toncezrning tiie number of
right and wrong answers and the relative standings of indi-
viduals, th: score on a norm-referenced test does not indicate
what specific behaviors the student has mastered. Except in
the extreme cases where every item is passed or failed, raw
scores or percentages indicate only the number of questions
answered correctly. Converting the raw scores to percentiles,
standard scores, equivalent scores, etc., still provides no

information concerning the particular skills the student has

or has not mastered. "From a percentile we know the location

4 Jonn C. Flanagan, "Units, Scores, and Noris,” o
Educational Msasurement, E. F. Lindquist, editor /Washington,
D.C.: American Council on Education, 1951), p. 698.

|
3 Glaser, op. cit., p. 520. | f




of a pupil's score in the distribution of scores of the norma-

tive pupils, we still do not know how much arithmetic a pupil

6

underntands."” Different scores indicate that different items

have been answered correctly, but not what items were answered
correctly. The same scores do not neces:arily indicate that
the same items have bheen pessed; success on many different
items hag probably occurred. To determine the specific be-
haviors which have been mastered, the individual items need to
be examined.

In many cases knowing the ranks of the individuals
is sufficienc. But with the development of procrams of indi-
vidualized instruction, such as programed learning or non-
graded classrooms, criterion-referenced measures have become
increasingly important. 1In individualized instruction each
student sets his own pace for learning and in the process may
pursue varied curriculur. sequences and materials. The per-
formance criteria for a specified unit of work may be identi-
cal for all students however, their performance being compared
to an absolute rather than a relative standard. Minimum
levels of mastery are established which the student must meet
before progressing to the next unit. Tests for units are noc

administered to the group as a whcle, but to individuals as

6 Fred T. Tyler and Walter R. Stellwagen, "The Search
for Evidence about Individual Differences,” Individualizing
Instruction, Sixty-~first Yearbook of the National Society for
the Study of Education, Part 1 (Chicago, Illinois: The
University of Chicago Press, 1962), p. 99.




~ .

they complete these units in their instructional sequence.
The score on this type of test is used to determine whether a
student progresses to the next unit. His score is compared
to the criterion established for the unit, not to the scores
of others in the group. |

The "impact of individualized instruction on testing
and diagnosis in the schools" has been discussed by Coulson
and Coqswell.7 They stated that the trend toward indi-
vidualized instruction "... is not ar isolated phenomenon,
independent of other educational activities such as testing....“8
The authors spoke of the need to develop "... a gyo/no go test
determining whether a student is ready to graduate or to pro-

gress to the next study unit....”9

If such diagnestic tech-
niques as Coulson and Cogswell described could be developed,
the authors suggested that "they should provide not only a
means for more 2ffective instruction, but also a basis for

constructing more useful theories of education and learning."lo

! John E. Coulson and John F. Cogswell, “"Effect of
Individualized Instruction on Testing," Journal of Educational
Measurement, II (1965), pp. 59-64.

8 Ibid., p. 59.

9 Ibid.

10 1pid., p. 63.




The need for further consideration in test develog-
ment has also been recominended by Glaser who stated:

Test development has been dominated by the
particular requirements of predictive, corre-
laticnal aptitude test 'theory.’' Achievement
and criterion measurement has attempted fre-
gruently to cast itself in this framework.
However, many of us are beginning to recognize
that the problems of assessing existing levels

_ of competince and achievement and the conditions
v that preduce them require some additional con-
sideration.ll

Since criterion-referenced measures are directly
corcerned with ”aagﬁgsing‘éxisting levels of competence and
achievement, " they should provide information concerning the
students' successes ard failures on specified behaviors.
Whether this information can be obtained from the raw
score on a criterion-referenced %test, or whether, as in the
case of norm-referenced tests, the individual test items

require examination remains a problem.

=13 >

11

Claser, op. cit., p. 521.
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II. REVIEW OF RELATED RESEARCH

A. Attempts to Obtain Test Scores Providing Further Information

Attempts have been made to provide scores yielding
further information than that furnished by norm-referenced
scores. Grossnickl:z employed Thurstone’s paired comparizons
technique to investigate the possible scaling of individuals

12 The desire was to obtain scores

making certain test scores.
which would remain relatively the same for individuals re-
gardless of the group in which they were placed. A biology
test of 100 items was administered to 100 peirsons whose scores
were then ranked from highest to lowest. These scores were
then grouped by 5's to form twenty "hypothetical individuals,”
the top five sccres being individual number 1, etc. Scaled
scores for these twenty individuals were cbtained.

A new group of thirty persons was selected and given
the test. These persons were also combined into six "indi-

viduals," and scaled scores obtained. Four "individuals®

from the original group were then randomly selected and com-
bined with the latter group of six. While the four scaled
scores did not remain tie same in the new group as in the old,
the distance betwegen the scores remained stable. Grossnickle
concluded that "this experiment using the paired comparison
method, has provad that it is possible to scale individuals

taking any mental and educational test."13

12 Louise T. Grossnickle, "The Scaling of Test Scores
by the Method of Paired Comparisons,” Psychometricka, VII (1942),
PP 43-6‘ °

13 1pid., p. 62. 6




Such a conciusion seems somewhat unwarranted. The author
claimed this truth for individuals, Yet she never dealt with
individuals; also, she generalized to the population of all
mental and educational tests from one biology test. No

additional meaning could really be attached to the obtained

scores since they changed depending on the reference group.

A further attempt to add meaning to test scores was
reported by Tucker at the 1952 Invitational Conference on
Testing Problems. According to Tucker:
. .+. experimental and analytic methods for test
: development and score scaling may exist or be
developed which do not depend on the relative
number of examinees who receive each particular
score in a reference group of examinees.l4
In keeping with this suggestio: Tucker attempted to obtain
. scores relating individuals' proficiency on a skill to the
\  difliculty of a task perfcrmed at a marginal degree of success.ls

He provided the following example: In receiving telegraph

code an individual will make fewer errors receiving slow signals
than fast signals. At some sveed he would receive with 90%
accuracy. This signal speed could be used to characterize that
individual's level of proficiency. Tucker proposed a system

for defining a scale of difficulty for intellectual skills.

14 Ledyard R. Tucker, “Seleci:ing Appropriate Score
Scales for Tests-—3cales Minimizing the Importance of Reference
Groups," Proceedings, 1952 Invitational Conference on Testing
Problems (Princeton: Educational Testing Service, 1953), pp. 27-28.

15 Ledyard R. Tucker, "A Level of Proficiency Scale g
for a Unidimensional Skill," American Psychologist. Vii (1952),
408. (Abstract)
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Sucti a model invelved several steps which included
estaonlishirg subgroups of individuals with approximately equail
skills, obtaining the proportion of successes on each task for
each subgroup, and determining a scale value for each subgroup.
Tucke~ reported that results from «n application to a set of
verbal analogy items indicated promising vossibilities, but
he provided no data. He proposed a further tryout involving
the scaling of vocabulary items from fourth grade through
college. It wonld appear, however, that this technique will
provide a score similar to a mental age, rather than indicating
what specific behaviors have been mastered.

A similar attempt to provide scores indicative of a
level of proficiency has been reported by Ebel. He discussed
two studies concerned with providing "content standard scores."
These scores are based directly on the tasks which compose the
content of the test, and are defined as a "percent of a sys-
tematic sample from a defined domain of tasks which an indi-
vidual has performed successfully."16

Ebel constructed a test of knowledge of word meanings
based on a sample of 100 words from a specified dictionary.
The words were arranged in alphabetical order; the task was to
match the words with their corresponding definitions. Ebel
stated that "these tests constitute one operational definition
of the proportion of words in a certain dictionary for which a

person 'knows' the meahingo...”l7

16 Ebel, "Content Standard Test Scores," Educational and

Psychological Measurement, XXII (1962), 15.

17 Ibido' ppo 24'25.

.EKKj




Ten items were also selected by Ebel from the mathe-

matics esection of the 1959 Preliminary Scholastic Aptitude Test.

Initially all fifty items of the test were classified into ten
content categories, e.g., "Calculationa with fractions, Verbal
Problems, Percentage and statistics," etc. The discriminating
power of each item was found Ly subtracting the proporticn of
correct responses in a low scoring group (PSAT scores below 300)
from the proportion of resgonsges in a high scoring group (PSAT
scores above 700). The item in each category with the highest
discriminating power was chosen. These items were then scored
on 8ix sets of 100 answer sheets which had PSAT scores near
750, 650, 550, 450, 350, and 250. The most frequent score on
the ten items was found for each group. For example, a score
of 9 was the most frequent for those scoring 750; a score of 3
was most frequent for tliose scoring 450. Therefore, a score on
the ten item test was taken as an indication of the score on
the PSAT.

In each of these two examples the test provided in-
formation related to content, however, no information relating
to the mastery of specific skills was obtained. In the former
the score indicated a percentage of the woris, in the latter
the score indicated the most frequent scor: obtained for a given
group, but did not indicate what score a given individual would
obtain nor to what items that score pertained. Also, in refer-
ence to the latter of Ebel's examples, the items were chosen
to discriminate between scores of 700 and 300. The author
evidently assumed that these same items would have the best

discriminating powers for the other groups reported.




.| I .-ttt A T A L voB

]

10

B. Proposed Solutions for Interpreting Specific Behaviors
from Test Scores k =B

One solution to obtaining a criterion-referenced test

whose score would indicate specific behaviors mastered by a

student would be a test whose items were sequentially scaled.

The items would be 30 arranged that once an individual misszd

an item he would miss all subsequent items in the test. For
example, an individual obtaining 2 acore of 8 would have answered
each of the first eight items correctly and none of the items
beyond 8 correctly; a student failing item 3 should fail all
subsequent items. According to Ebel:

y It is possihble to imagine a test which would

give highly consistent results across it=ms and

across students when administered to a particular

/ group. Results would be called consistent if

/- success by a particular student on a particular
item practicaliy guaranteed success on all other
items in the test which were easier for the group
than that item. Correspondingly, failure on a
particular item would almost guarantee failure
on ail harder items if the student responses were
highly consistent.... Such tests can be imagined
but are seldom met with in p.actice.l8

Two techriques relating to scaled tests are Loevinger's

19 20

“”homogeneous tests"” and Guttman's "scalogram analysis."

18 pobert L. Ebel, Measuring Educational Achievement
(Englewood Cliffs: Prentice-fall, Inc., 1965), pp. 361-62.

-

19 Jane Loevinger, "A Systematic Approach to the
Construction and Evaluation of Tests of Ability," Psychological
Monographs, LXI (1947), No. 285; Jane Loevinger, “"The Technic
of Homogeneous Tests Compared with Some Aspects of 'Scale
Anaiysis’ and Factor Analysis," Psychological Bulletin, XLV (1948),
pp. 507-29. .

29 Louis Guttman, "A Basis for Scaling Qualitative Data,"

Americai Sociological Review, IX (1944), pp. 133-150;




Loevinger defined "perfectly homogeneous tests" of ability

as tests "such that, if A's score is greater than B's score,

then A has more of some ability than B, and it is the same
21

ability for all individuals A and B who may be selected."”
She proposed a "coefficient of homogeneity," ranging in value ]
from zero to one, which is the ratio of the difference between ‘
the variance of a given test and the variance of a "perfectly
heterogeneous test" with the same distribution of item d.ffi-
cultieg, to the difference between the variance of a per-

;; fectly homogeneous test with the same distribution of item

difficulties and the perfectly hetergeneous test:

Homogeneaity (Hl) = Vx -~ Vhet
Vhom - Vhetl
. A "perfectly heteroyeneous” test is defined as a test “composed
of iteins each of which measures an ability independent of the
abilities measured by the other items."zz

. What Loevinger desired was a test which was consis-

tent with respect to the ability being measured. Pecple who

obtained the same scores would have answered the same items.

Louigs Guttman, "The Problem of Attitude and Opinion Measure-
ment," in Samuel A. Stouffer et al., Measurement and Predic-
ticn (Vol 1V of Studies in Social Psychology in World War

II.” 4 vols.; Princeton: Princeton University Press, 1550),
pPp. 46-59.

21

Loevinger, "A Systematic Approach,” p. 28.

221154,

e
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12 |

correctly. While being at different levels of difficulty,
the items of the test had to measure the same content that

defined the ability. Behavior could be inferred from test 1

score by applying one of Loevinager's theorems, "When the items
of a perfectly homogeneous tcost are arranged in order of in-

creasing difficulty, every individual will pass all items up
w23

ey

to a certain point and fail all subsequent items.
Of coricern to Lcevinger was whether the proposed
estimate of homogeneity was unbiased. Some evidence that the

estimate may be biased was provided by Carroll.24

Employing
random numbers and hypothetical individuals he found Loevinger's
coefficient "to be biased positively because of chance varia-

ticns in item difficulties."25

To be homogeneous in the
Loevinger model the items should measure the same ability but
at varying levels of difficulty. Carroll, however, was able
to obtain a value as high as .32 for Loevinger's coefficient
of homogeneity with items wvarying in difficulty only by chance.

g The Loevinger technique is limited, however, to tests

comrosed of items of the same content. In most tests of ability

) 23 Ibid.; Loevinger, "The Technic of Homcgeneous Tests,"
p. 508.

{' 24 John B. Carroll, "Criteria for the Evaluation of

Achievement Tests-—from the Point of View of Their Internal
Statistics,” Proceedings., 1950 Invitational Conference on
Testing Problems (Princeton: Educational Testing Service, 1951),

ppo §5"9§0
25
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the content is likely to vary within the test.
The second technique, Guttman's "scalogram analysis”

does not require items of the same content. According to

Suchman:

It is also important to remember that scale '
analysis should not be depended upon to determine
content. An item of differing content may fit '
into the scale pattern of an area, while items
with homogeneous content need not scale.26

Edwards and Kilpatrick have alsc noted this characteristic of

scalogram analysis: |

- The merits of scale analysis, as a technique
| for evaluating 2 set of items, are obvious and
need no defense. But scale analysis can be applied |

to any set of items, regardless of how the set is
selected.

1
Arising from preblems in attitude scaling and opinion |
_ |
. polling, scalcgram analysis attacks directly the problem of |

determining behavior from score. As Guttman stated:

precisely to which problems he knows the answers
and to which he does not know the answer. Thus

& score of 2 does not mean simply that the person
got twe questions right, but that he got two
particular questions right, namely, the first and
second. A person's behavior on the problems is

{
From a person’s score we would thean know 1
reproducible from his score.28 |

1

26 Edward A. Suchman, "The Scalogram Board Technique
for Scale Analysis,” in Samuel A. Stouffer et al., Measure-
ment and rrediction (Vol. IV of Studies ii Social Psychology
in World War II. 4 vols,; Princeton: Princeton University

Press, 1950), p. 119,

27 Allen L. Edwards and Franklin P. Kilpatrick, "Scale
Analysis and the Measurement of Social Attitudes," Psychometrika,
XIII (1948), 109.

l'j 28 Guttman, "A Basis for Scaling," p. 143.
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Scale analysis tests the hypothesis that a
group of people can be arranged in an internally
meaningful rank order with respect to zn area
cf qualitative data. A rank order of people is
meaningful if, from the person's rank order, one
knows precisely his responses to each of the
questions or acts included in the scale.29

C. The Technique of "Scalogram Analysis"
Guttman defines a scale as each person's responses

being reproducible from his rank alone.3o

The technigue for
determining the existence of a scale involves essentially

two steps: (1) rarking the items from "most extreme" to
"least extreme,” i.e., the item chosen or answered correctly
by the fewast people ("the most extreme") to the item chosen
or answered correctly by the most people ("the least extreme");
and (2) ranking the individuals from lowest to highest on the
basis of total score. If a scale exists the resultant pattern
when correct and incorrect responses are tabulated will be a
parallzlcgram (or a triangle if only correct responses are

31

recorded). The fcllowing example will provide an illustration

29 Louis Guttman, "The Basis for Scalogram Analysis.,"
in Stouffer et al., Measurement and Prediction, p. 88&.

30

Ibid., p. 62.

31 Ibidop pp.‘60'900

J
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of the resultant pattsrns. Consider a five item test ad-
ministered to five p._.ple and found to be a perfect scale.
Figure 1 shows the parallelogram pattern when both correct

and incorrect responses ar: recorded (X's).

ITEMS

Incorrect Correct

12345 12345
a2 X X X X X
g 2 X XXXX
T 3 XX XXX
T 4 XXX XX
a5 XX XX X
o
2]

FIGURE 1

PARALLELOGRAM PATTERN OF A PERFECT
FIVE ITEM SCALE

In discussing the rank ordering of individuals and
items from such & pattern Suchman said:

Such a rank order has the property of
permitting one to derive from the rank order the
exact characteristics of the individuals in that
rank since there is only one possible combination
cf itewms for any single rank order. Furthermore,
the rank order has the guality that any indi-
viduals in a higher rank possese all the charac-
teristiics of the individuals in a %gwer rank,
and at least one more in addition.s:

The above description pertains %o a perfect scale,
that is, each individual's response to each item can be per-
fectly reproduced. Such perfect scales are usually rnot found

in practice, just as perfectly reliable tests are not iound in

32 Edward A. Suchman, “The Logic of Scale Construction,"
Educational and Psychological Measurement, X (19593, 90.
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practice. The degree to which the instrument approximates

, a perfect scale is measured by a "coefficient of reproducibility,"”
The coefficient is defined as thei“empirical relative fre-
quency with which values of the attributes do correspond to

intervals of a scale variable."33

Thus, the coefficient
provides an indication of how well an individual's response
pattern can be reproduced knowing his total score. The value
of .90 was arbitrarily established as an acceptable lower limit

of the coefficient.

34

As described by Guttman in his original article and

again by Suchman in 1950,35

scalogram analysis was performed
by the use of scalogram boards. These are devices which,
through the use of balls and slats, permit the shifting of the

) rank orders of individuals and items (or the combination of
categories for items with multiple categories) to cbtain the
best scale.

The use of scalogram boards has not always been feasible

however; the cost of the boards is prohibitive, they have a

fixed capacity, and have been termed cumberaome.36 In answer

33 Guttman, "The Basis for Scalogramr Analysis," p. 89,

34 Guttman, "A Basis for Scaling," pp. 139-150.

35 Suchman, "The Scalogram Board Technique,” in Stcuffer
et al., Measurement and Prediction, pp. 91-121.

36 Wilfred A. Gibson, "A Simple Procedure for Rearranging
Matrices," Psychometrika, XVIII (1953), pp. 111-113; Leon
Festinger, "The Treatment of Qual‘" -tive Data by 'Scale Analysis,'
) Psychological Bulletin, XLIV (1947,, pp. 149-161.
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to such criticism Guttman devised a paper and pencil tech-~

nique, the "Cornell Technique" to supplant the scalogram

boards.37

The technique is applied to the data in the same
way as the boards,; shifting the rank orders to obtain “he best
arrangement of items. In either case, whether applying scalo-~
gram boards or the Cornell Technique, the reproducibility
coefficient is computed in the same mariner: (l) errors are
tabulated by counting the number of responses occurring out-
side the cut-off points for each score; (2) the errors are
divided by the total number of possible responses (number of
people x number of items), and (3) the obtained quotien: is

subtracted from l.38

Reproducibility (R) = 1 - E¥X¥ors

No. Items x N

D. Criticisms of Scalogram Analysis

The use of the reproducibility coefficient has been
criticized in the literature. Several authors have found the
coefficient to be arbitrary and to be affected by the diffi-

culty levels of the test items. The major objection is that

37 Louis Guttman, "The Cornell Technique for Scale
and Intensity Analysis,” Educational and Psychological
Measurement, VII (1947), pp. 247-280.

38 Guttman, “"The Basis for Scalogram Analysis,” in
Stouffer et al., Measurement and Prediction, p. 77.




the reproducibility coefficient can be spuriously high be-

cause of i‘ems with extreme marginal frequencies.39 Guttman

was aware Oof the effect of extreme marginals on the repro-
cibility coefficient, however, and never stated that a hijh
reproducibility coefficient was the «riterion for scalability.”
"Reproducibility by itself is not a sufficient test of
scalability. It is the principezl test, but there are at least
four other features that should be taken into account....”40
The four additicnal criteria which are employed to in-
sure against spurious reproducibility are: (1) The number
of items in the test should exceed 10. (2) The more categories
that could remzin uncombined, the more credible the inference
of scalability; this criterion does not apply to dichotomous
items. (3) The marginal distributions should contain as wide
a range as possiole, but with few extreme marginals. In the
case of dichotomoué items an extreme marginal would be a

category chosen by 80% or more of the individuals. The repro-

ducibility of an item can never be less than the freauency

39Fest1nger, “The Treatment of Qualitative Data,"”
PP. 149-161; H. J. Eysenck and S. Crown, "An Experimental
Study in Opinion-Attitude Methodology," International
Journal of Opinion and Attitude Research, IIIX (1949), pp.47-
86; H. J. Eysenck, "Moasurement and Prediction; A Discussion
of Volume IV of Studies in Social Psychology in World War
II: I.," International Journal of Opinion and Attitude
Research, V (1951), pp. 95-10Z; Benjamin w. White and Eli
Saltz, "Measurement of Reproducibility,” Psychological
Bulletin, LIV (1957), pp. 81-99.

40

Guttman, “The Basis for Scalogram Analysis,"” p. 78.
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of the most frequently chosen category. (4) The errors
should not fall into a pattern, i.e., there should not be a
series of persons, all having identical errors.4l
A single criterion to evaluate the spuriousness of
the reproducibility covefficient has been suggested by Menzel.42 4
He developed a "coefficient of scalability" having the fol-
lowing advantages: (1) it provides a safeguard against
spuriousness without relying on extraneous rules, (2) it does
not introduce the judgment of the investigator in applying a
rule, and (3) it permits analysis of scalograms that had to
be rejected because of extreme marginals. The coefficient may,
therefore, show that high scalability exists in spite of ex-
treme marginals.
The coefficient is computed by (1) obtaining the errors
as in the computation of the reproducibility coefficient, (2)

for dichotomous items—summing the non-modal marginal fre-

quencies for items and for individuals, and taking the smaller

of the two scores, and (3) dividing the errors by the sum ob-
tained in step 2, and subtracting the resultant quotient from

l. A minimum value s5f .65 was established as the criterion for

4 Guttman, “The Basis for Scalogram Analysis,” pp. 78-80.

42 Herbert Menzel, "A New Coefficient for Scalogram
Analysis,"” Public Opinion Quarterly, XVII (1953), pp. 268-280.
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scalability. Among those who have recommended and employed
the coefficient of scalability in conjunction with the repro-
ducibility coefficient are Auld, Eron, and Laffal; Lesser;
and Pearson.43

Not meeting the criteria for scalability in scalo-
gram analysis should not be interpreted as showing the non-
existence of a scale according to Eysenck and Crown. "Ultimately
we shall achieve the position of the physicist whose scales
show approximately 100% reproducibility, ([but] there is little
to be gained by decrying the very real usefulness of many of

44 In easence these authors are

our own present-day scalea."
arguing for use of less reproducible scales, but not arquing
against highly reproducible scales. B

k Continuing the criticisms of the reproducibility
coefficient, the reason for using the reproducibility coef-
ficient was quzstioned by Davis when he stated, "“We compute

a reproducibility coefficient not because we have any real

desire to reproduce response patterns from scale scores but,

43 Frank Auld, Jr., L. A. Eron, and J. Laffal,
“"Application ¢of Guttman's Scaling Method to the T. A, T.,"
Educational and Psychological Measurement, XV (1955), pp. 422-435;
Gerald S. Lesaer,'ippffgatian of Guttman's Scaling Method to
Aggressive Fantasy in Children,"” Educational und Psychological
Measurerent, XVII (1358), pp. 543-551; Richard G. Pearson,

"Plus Percentage Ratio and the Coefficient of Scalability,"
Public Opinion Quarterly, XXI (1957), pp. 379-380.

44 Eysenck and Crown, op. cit., p. 66.
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rather, because we hope that it is an index of certain mea-

surement propertiesa“és

Contrary to Davis' assumptions, however,
reproducing responses from scores is tiie goal established in
the present study.

Smith disclaims the notion of reproducibility in
testing for the existence of any scale. He reached this con-
clusion because he obtained two group factors on factor-
analyzing the data reported by Guttman in the 1947 article
concerning the Cornell Technique. According to Guttman only

46

one factor should have been found. Guttman's reply was that

Smith's "numerical work cannot be anything but pure nonsensee”47
Guttman showed that Smith reported perfect correlations between
items 2 and 4, and between items 3 and 5, yet 2 correlated
differently with the other items than 4, and 3 correlated
differently with the other items than S. Smith's matrix was
non-Gramian and as a result could not be factored by the
Thurstone Technique which he employed.

In addition to the coefficient of reproducibility, other

aspects of scalogram analysis have been subjected to criticism.

The determination o{ cut-off points for scores has been found

45 James A. Davis, "On Criteria for Scale Relationships,"”
American Journal of Scciology, LXII (1958), 374.

46 R. G. Smith, Jr.,"'Randomness of Error' in Repro-
ducible Scales," Educational and Pasychological Measurement,
XI (1951), pp. 587-596.

47 Louis Guttman, "On Smith's Paper on °‘Randomness
of Exror’ in Reproducible Scales," Educational and Psychological
Measurement, XIII (1953), S507.




from score, the various scores would determine the cut~off
points. Theoretically an individual should answer items to a
certain point and then stop. Therefore, a score of 4 would
cut off the first four items, etc. As a result, the above
criticisme would not apply.

Contrary to the above example, opinions have been
expressed that individuals do not usually answer items up to a
certain point and then stop. Rather, a gradual transition
from correct to incorrect has been suggested. Lrown, Bartelme,
and Cox propesed that "the score of the individual is then at
that point on the scale at which the average deviation of the
right items above it equals the average deviation of the wrong

49

itemeg belcw it." The authors based their conclusions on

18 K. E. Clark and P. H. Kriedt, "An Application of
Guttman's New Scaling Technigues to an Attitude Questionnaire,"
Educational and Psychological Measurement, VIII (1948), pp. 215-
223; Allen L. Edwards, "On Guttman's Scale Analysis," Educational
and Psychological Measurement, VIII (1948), pp. 313-318; Edgar
F. Borgatta and David G. Hays, "Some Limitations on the Arbitrary
Classification of Non-Scale Response Patterns in a Guttman Scale,”
Public Opinion Quarterly, XVI (1952), pp. 410-416.

149 C. W. Brown, P. Bartelme, and G. M. Cox, "The Scoring

of Individual Performance on Tests Scaled According to the Theory
of Absolute Scaling," Journal of Educational Psychology, XXIV
(1933), 655,

]
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by some authors to be arbitrary and difficult.48 Their
criticisms have pertained to attitude scales having items
with three or more response categories. In an achievement test
having dichotomous items, where the desire is to infer behavior
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results obtained from the Cesel.i Development Schs=iulc. Glaser

=/ hypothesized that on certain tests me~suring one dimensior, when
the test items are ordered in terms of their scale posiiion,
there is a region of transition from positive to negative

responses.so He further hypothesized that the distribution of

inconsistent responses in this region is approximately normal.

Glaser analyzed the following tests: The Faust-Schorling Test

Test of Functional Thinking in Mathematics, the Differential

o\ Aptitude Space Relations Test, and a vocabulary test composed

of items from the Stanford-Binet, Wechsler-Eellevue, Wide Range,

and Columbia Vocabulary tests. Each test was composed of 80
items. The results showed the distribution for the vocabulary
test to be approximately normal. The distributions for the
mathematics and space relation tests were truncated. Glaser
attributed the truncated distribution to the restricted range

51 If more items at higher levels of difficulty

of test items.
could have been added the distribution of responses might well
have approximated normality.

The results should be interpreted in the light of the

type of test empioyed in each of the above studies. All tests

30 Robert Glaser, "Multiple Operation Measurement,"”
w_ycholo ical Review, LVII (1950) pp. 241-253; Robert Glaser,
The Application of the Concepts of Multiple-Operation Measurement
to the Response Patterns on Psycholcgical Tests," Educational
and Psychological Measurement, XI (1951), pp. 372-38Z.

_ 51

Glaser, "The Application of the Concepts," p. 37S5.
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were published tests which were not constructed to yield scores
from which behavior could be inferred. In addition, the range
of gradual transition from pass to fail could well be attributed

to very gradual transitions in item difficulties accompanied

by a large number of items at each difficulty level. It could
be hypothesized that as the number of items increases, and the
steps between item difficulties becomes more gradual, the dis-
tribution of inconsistent responses would approach normality.
The studies cited above lend some support for this. The opposite
could aiso be hypothesized, i.e., with a decreasing number of |
items and with more discrete steps between difficulties, the
distribution of inconsistencies would depart from normality.
The truncated distributions ocbtained by Glaser offer some evi-

R dence in support of this. Carrying the latter hypothesis to

' its extreme, it could be hypothesized that at some point indi-
viduals would no longer have inconsisternt responses but would
answer items to a certain pnint and then stop. It is this type
of test that is suggested in the present study, and scalogram
analysis is suggested as a technique to vield such a test.

Scalogram analysis has als» been criticized by some as

52

inadequate for the selection of items. The reply to these

’ 52Edwards, "On Guttman's .Scale Analysis," pp. 313-318;

" Edwards and Kilpatrick, "Scale Analysis," pp. 99-114; Allen
I,. Edwards and Franklin P. Kilpatrick, "A Technique for the

. Construction of attitude Scales," Journal of Applied
Psychology, XXXXI (1948), pp. 374-384; P. H. Kriedt and

‘ K. E. Clark "'Item Analysis' Versus 'Scale Analysis,'"

Journal of Applied Psychology, XXXII (1949), pp. 114-121.

8,
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findings is simply that scalogram analysis is not an item
selection technique. As Guttman states, "We have continually
stressed that items are to be selected bhefore any statistical
analysis is performed, and are not to be rejected because of
any statistical analysis.... Scale analysis is not a technique
for item selection and rejection, but rather for studying the
structure of a univetse....”53
For Guttman, the universe "is the concept whose
scalability is being investigated, such as marital adjustment,
opinion of British fighting ability, knowledge of arithmetic,
etc. The universe consists of all the attributes that defire

w34 One aspect of the theory of scalogram analysis

the concept.
is that from a sample of items comprising the scale "inferences
can be drawn concerning the complete distribution of the uni-
verse for the population.... The hypothesis that the complete
distribution is scalable can be adequately tested with a sample

w33

distribution. Criticisms of this aspect seem, to this in-

vestigator, to be warranted. It would appear that while a sample

33 Louis Guttman, "Measurement and Prediction; a Dis-
cussion of Vol. IV of Studies in Social Psychology in World War
II: II. Scale Analysis, Factor Analysis, and Dr. Eysenck,"
%%gernational Journal of Opinion and Attitude Research, V (1951),

34 Guttman, "The Basis for Scalogram Analysis,” in
Stouffer et al., Measurement and Prediction, p. 80.

55

Ibid., p. 89.
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of items ~could well be scaled, as for example, in the following
) 3 item test:

2 +2 = N 2 = ‘f;xdx = ’

the conclusion that the universe of mathematics is scalable is
not tenable. Many skills in mathematics depend on the order

taught; many skills are parallel, being of the same difficulty.

Schuessler argued that the sample results are both a function
of the way the universe is defined by the investigator and the
manner in which the items are chosen from a field of content

N defining the topic.56

This implies that conclusions concerning
the scalability of a universe may be restricted to a given
investicator's version.

Further criticism of this aspect of scalogram analysis

. was provided by Torgerson57 >8

and Campbell and Kerckhoff.
Each warned against generalizing toc the universe from a sample.

- Campbell and Kerckhoff stated that the proposition, "If a

universe is scalable any sample selected from the universe will

be scalable," is not identical to the proposition, "If a sample

56 Karl Schuessler, "Item Selection in Scale Analysis,"
American Sociological Review, XVII (1952), pp. 183-192.

37 Warren S. Torgerson, Theory and Methods of Scaling
(New York: John Wiley & Sons, Inc., 1958).

58 Ernest Q. Campbell and Alan C. Kerckhoff, "A
Critique of the Concept ‘Universe of Attributes,'” Public
Opinion Quarterly, XXI (1957), pp. 295-303.
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is scalable the universe from which the sample is selected

2 is scalable.” The authors suggested that if the latter
proposition is warranted any other items from the same uni-
verse should also scale with the originai set. They reported,
however, that judges have not been consistent in making these
additional selections, but, unfortunately, no empirical
evidence was provided.

The above criticisms are concerned, however, with
relating a sampie to the universe, not with scaling a sample
of items by applying the scalogram technique. A test is
considered as being composed of a sample of items representing
the population of possible items pertaining to a given area.
The proposed study is to determine if a test will scale, if the
test will) yield a score from which behavior can be inferred.
If the Guttman scalogram technique can be applied to achieve-
ment testing in order to obtain such scores, the ensuing con-~
clusions will be concerned with the sample of items, the test,

not to the universe represented by the sample of items.

E. Applications of Scalogram Analysis

The application of scalogram analysis to achievement

testing has been suggest by Guttman on several occasions.

"Scale analysis is applicable much more widely than to attitudes.

For example, it is useful for mental tests and examinations.”59

39 Louis Guttman, "The Principal Components of Scalable
Attitudes," Mathematical Thinking in the Social Sciences, Paul

F. Lazarsfeld, editor (Glencoe, Illinois: Free Press, 1954), p. .
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He also described its use "with large classes of behavior

) like achievement tests.'60

"For achievement tests, where all
items are dichotomous—being marked either right or wrong—
the Cornell technique is perhaps the best of all to be used.“61
While Guttman has suggested that scalogram analysis be
applied to achievement testing it has been employed almost

enirely in other areas. The moust widespread application has

been in the areas of opinion and attitude measurement. 1In

Volume IV, Studies in Social Pgsychology in World war II,
Guttman refers to at least seven different studies related to
various attitudes of soldiers during the Second World war.
Among the many attitude studies reported in the literature, a
brief list includes: (1) Niven's comparison of the Cornell

Technique and the Reciprocal Averages technique to the attitudes

62

of manufacturing supervisors, (2) an investigation of atti-

tude toward economic liberalism«—conservatism,63

64

(3) opinion

65

toward science, (4) attitudes toward negroes, (S) the

60 Guttman, "The Basis for Scalogram Analysis," in
Stouffer et al., Measurement and Prediction, p. 61.

61 Louis Guttman, "On Festinger's Evaluation of Scale
Analysis,"” Psychological Bulletin, XLIV (1947), 458,

62 Jarold R. Niven, "A Comparison of Two Attitude
Scaling Techniques,” Educational and Psychological Measurement,
XIII (1953), pp. 65-7%.

®3 clark and Kriedt, op. cit., pp. 215-223,

64 Edwards and Kilpatrick, ¢p. cit., pp. 374-384,

65 kriedt and clark, op. cit., pp. 114-121.
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development of an attitude scale on a;tiuaemitism,66 (6) the
scaling of interview responses bearing on the favorability
of attitude toward marriage,67 and (7) Dodd's application to
opinion polls in general.68
Other areas have also utilized application of the
Guttman technique. 1It:8 successful application to prrmjective
tecnniques has been shown by Auld, Eron, and Laffa169 and

70

Lesser, Auld, et al., applied scalogram anaiysis to themes

from four selected pictures of the Thematic 2ppercepticn Test

given to 109 sailors attending submarine s hool. While the

authors did not shucceed in constructing a scale of aggression,
they did succeed in constructing a scaile of sexuzl motivation.
Lesser applied the scaling procedure to the fantasy aggvession
responses of a sample of pre-adoleacent boys. Again the cri-

teria for scalability were met.

66Eysenck and Crown, "An Experimental Study," pp. 47-86.

67Robert McGinnis, "Scaling Interview Data," American
Sociological Review, XVIII (1953), pp. 514-521.

6BS. C. Dodd, "A Simple Test for Predicting Opinions
from Their Subclasses,"” International Journal of Opinion and
Attitude Research, II (1948), pp. 1-25.

69Auld. Eron, and Laffal, "Application of Guttman's
Scaling to the T.A.T.," pp. 422-435.

7°Lesser, "Application of Guttman's Scaling Method
to Aggressive Pantasy,” pp. 543-551.
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In addition to projective techniques, scalogram analysis
has had applicacion in other diversified areas. Riley et al.,
used the techniques t< scale groups and objects of group
action.71 For example, in a group certain pairs talk of movies,
others of mcvies and petting, but no groups talk of petting
alone. Movies and petting were scaled on the degree of in-
timacy which they represented as subjects for conversation. The
application of scale analysis to the scaling of objects was also

reported by Abell.72

Through the use of questionnaire items
dealing with homemaking practice, Abell found that foods served,
use Of preservatives, and vegetables grown were scaled.

Kofsky fouud tasks involving the classification of

73 The

cbjecte to be scaled for children of ages four to nine.
ciassification schemes were based on the developmental se-
quence of cognitive skille hypothesized by Piaget. The se-
quence essentially involved first, sorting two objects according
tO a commocn feature, then, three or more objects were sorted

by a common feature, next, the concepts "some“" or "all" were
introduced, then, objects were classified into more than one

group, and, finaliy, subsets and combinations of subsets were

sorted.

1 Natilda w. Riley et al., Sociological Studies in
Scale Analysis (New Brunswick: Rutgers University Press, 1954),
cited by Prederic Lord, "Scaling," Review of Educational Research,

XXIV (1954), pp. 375-92.

12 Helen C. Abell, “The Use of Scale Analysis in & Study
of Differential Adoption of Homemaking Practices, Rural Sociology,
XVII (1952), pp. 161-167.

e

73 Ellin Kofsky, "Developmental Scalogram Analysis of

Classificatory Behavior,” Dissertation 2Zkbstracts, XXIV (1963},
2576.
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Rater observations were employed to scale a check

list for technical skills in Naval electronics.74

The skills
were ordered as to amount of inservice training required. The
reaults indicated that the check 1list ;f technical skills was
scalable. Similarly, a list of behaviors was found to be
scalable by Scott in applying scalogram analysis in the investi-

75 The list was obtained from

gation of delinquent behavior.
a questionnaire covering offenses such as stealing. The res-
pondents were asked to indicate the frequency with which they 4
had committed each type of ofiense.

While Guttman had suggested its use for achievement
testing, the evidence of application of the technique in this
area has been fragmentary. Postove employed scalogram analysis

in the development of a speechreading test.76

She presented
to adults a silent film which contained 99 conversational
sentences, the subjects being required to lip read. Scalogram
analysis was used to cbtain 16 sentences which were reported

to be scaled. The results are questionable, however, for no

evidence such as a reproducibility coefficient is supplied.

74 Arthur I. Siegel and Douglas G. Schultz, "Thurstone
and Guttman Scaling of Job Related Technical Skills,"
Psychological Reports, X (1962), pp. 855-861.

75 John Finley Scott, "Two Dimensions of Delinquent
Behavior," American Sociological Review, XXIV (1959), pp. 240-243.

76 Mary Jane Postove, "Selection of Items for a Speech-
Reading Test by Means of Scalogram Analysis," Journal of Speech
and Hearing Disorders, XXVII (1962), pp. 71-75.
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In addition Postove used scalogram analysis to select items
from an item pool, a procedure contrary to Guttman's recom-
mendations. The resultant 16 item scale was never administered,

as such, to the group. Coughenour and Christiansen developed a
77

2

test of farmers knowledge of old-age and survivors' insurance.
The multiple choice items pertained to distinctive features
of the insurance and to matters of importance for farmers'
participation in the group. The test was administered as an
interview, and the obtained reproducibility coefficient furnished
evidence for scalability. .
Neither of the above studies, however, dealt with the
application of Guttman's technique to tests empluyed in assessing
achievement of schocl children. The only 2cudy, to this

investigator's knowledge, which related to the use of scalo-

gram analysis with classroom achievement tests w&s by Bligh.78

He applied the technique to the Paragraph Meaning, Study Skills,

and Arithmetic Computation subtests of the Stanford Achievement

Battery, Advanced Form J. The initial results did not warrant

the acceptance of the tests as scaled; the reproducibility
coefficients did not reach .80. The tests were refined by
selecting items which maximized the ratios of the sums of all
the covariances to the variances of the tests. The revised

tests were administered to two new samples, but the obtained

7 C. M. Coughenour and J. R. Christiansen, "Farmers'
Knowledge: An Appraisal of Stouffer's H-Technique," Rural
Sociology, XXIII (1958), pp. 253-262.

78 Harold F. Bligh, "Empirical Investigation of Methods
of Scaling Achievement Tests Based on Interelationship of Items,"
Dissertation Abstracts, XIX (1958), pp. 2648-2649.
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reproducibility coefficients still did not reach the minimum
acceptable value of .90 (the range was .818 - .872). Because

of the magnitude of these coefficients, however, Bligh suggested
the value of further investigation of scalability in achieve-
ment testing.

To this investigator's knowledge no other studies
concerning the applicability of scalogram analysis to achieve-
ment testing have been reported in the literature. With in-
creasing demand for criterion-referenced measures comparing an
individual's performance to an abLssolute standard independent of
reference to the performance of others, the feasibility of applying
thia technique, in order to obtain scaled scores, should be
determined. The results of a pilot study are encouraqing.79
The study involved the const.cuction of a test in addition of
whole numbers, covering concepts typically tauvght during early
elementary education. The authors identified the objectives
to be tested by, first, determining the terminal objective,
then, working backwards by using as a guide the question:

What skills were mastered previously in order to master this
objective? A lis: cf fifteen objectives and sample items was

developed (See Appendix A).

79 Glenn T. Graham and Richard C. Cox, "An Attempt
to Determine the Scalability of an Elementary Math Achievement
Test” (Paper read at the Pennsylvania Educational Research
Association conference, Pittsburgh, Pennsylvania, April, 1965).
(Mimeographed) ; Richard C. Cox and Glenn T. Graham, "The
Development of a Sequentially Scaled Achievement Test" (Paper
read at the 50th Annual Meeting of the American Educational
Research Association, Chicago, Illinois, February 17, 1966).
(Mimeographed. )
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From two to five items were constructed for each
objective. This resulted in a problem, however, for the test
would undoubtedly not scale with more than one item pertaining
to each objective. Rather, the teat would be of the previously
mentioned form discussed by Brown, et al., and Glaser, a test ]
having a region of inccnsistent responses. As a solution, each *
of the items corresponding to a particular cbjective were com-
bined to form one "contrived item."

As an example, consider the three items:

20 36 54
+11 +42 +33

These items would comprise one “"contrived item" testing

objective 8 on the list in Appendix A. Such a procedure of forming
"contrived items" has been employaed by Stouffer, Borgatta, Hays

and Henry.eo However, these authors formed the "contrived items"
after the initial scale analysie as an aid to establishing cut-

off points. 1In (ox and Graham's study, the “"contrived items"

were formed before the analysis, the cut-off points being
determined exclusively by total score.

In order to obtair a substantial range of &bility levels
Cox and Graham administered the test to a kindergarten, first,
and second grade. The students were then ranked according to
total score, possible scores ranging from 0 to 15, with a
contrived item considered as "passed" if two-thirds of the

items comparing it were answered correctly. Inspection of the

80 samuel A. Stouffer et al., "A Technique for
Improving Cumulative Scales,” Public Opinion Quarterly, XVI
(1952), pp. 273-29).
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resultant response pattern indicated that some of the
contrived items were not in proper order. With elimination
of three contrived items, one because of its dependence on a
specific curriculum and two because of ambiguous directions,
and with the rearrangement of the remaining twelve contrived
items a reproducibility of .977 was obtained. 1In order to
insure against spuriously high reproducibility, Menzel's
coefficient of scalability was also calculated, and equalled
.902.

In order to validate these preliminary results, the
revised test was administered to different kindergarten, first,
and second grade children. The analysis of their score patterns
‘yielded a reproducibility coefficient of .970C and a coefficient
of scalability of .792. The authors concluded that it was
indeed possible to apply Guttman's scalogram analysis to obtain
a scaled achievement test. The results, while tempered by
the test's being based on a restricted area of subject matter,
are encouraging for further investigation.

F. A Methodology for the Construction of a Sequentially Scaled
Achievement Test

While the abhove study focused on the applicability of
scalogram analysis to achievement testing, a methodology in-
corporating scalogram analysis for constructing scaled tests was
concomitantly being implied. ‘The methodology gleaned from the
pilot study essentially consist: of: |

1. Selection of behavioral objectivea in the curriculum

which appear, logically. to be lequenced.
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a., Identification of terminal objective.
b. Employment of question, "What skills must
have been learned previously?", as a guide
for selection of subsequent objectives.
2. Construction of items corresponding to each ]

objective.

3. Combiration of the items into one “contrived item."
4. Establishment of a criterion for passing each
contrived item.

5. Administration and scoring of the test.

6. Application of Guttman “scalogram analysis"
technique including computation of the reproducibility coefficient.
7. Computation of Menzel's "coefficient of scalability"”
to insure against a spuriously high reproducibility coefficient.
While successfully applied to a restricted area, further
investigation of the applicability of the above methodology to
a wider range of content and corresponding behavioral objectives

should be attempted.

G. Evaluation of Sequentially Scalead Achievement Tests

A methodology for construction is, however, only one
aspect of test development. Another important aspect of the
development of such a test is the assessment of the test in
terms of the typical evaluation procedures. Evaluation pro-
cedures commonly applied to standardized tests employed in the
schools concern the areas of reliability, validity, and item

analysis. Investigation of these evaluation procedures as they

apply to scaled tests, has not, to this investigator's knowledge,
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been attemptad. There is some evidence, however, that there
are differences in evaluation procedures for norm-referenced
and criterion-referenced tests, of which scaled tests are a
variety. Such evidence has been reported by Cox and Vargas
concerning item analysis procedures.81

Cox and Vargas investigated the effect of employing
differential item selection techniques to identify items which
discriminated according to the requirements of norm and cri-
terion-referenced tests. Por their particular criterior-
referenced situatior the best item would be one which was
failed before training and passed afterwards. The usual norm-
referenced item analysis procedures yield items which discri-
minate between high and low scorers after training. The authors
cited &an extreme example: a perfectly discriminating item for
the criterion-referenced test would be one failed by all on a
pretest and passed by all on a posttest. Such an item would be
rejected by the norm-referenced technique at either the pretest
or posttest level because it makes no discriminations among high
and low scorers, being answered alike by all persons.

The authors suggested a difference index based on dis-
criminations made between pre and posttest groups. The:’ com-
pared this index to the standard upper 27% - lower 27% index

computed for items on each of two arithmetic tests given as

81 Richard C. Cox and Julie S. Vargas, "A Comparison

of Item Selection Techniques for Norm-Referenced and Criterion-
Referenced Tests" (Paper read at the Annual Meeting of the National
Council on Measurement in Education, Chicago, Yilinois, February
17, 1966). (Mimeographed.)
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pre and posttests in an individuxlized instruction program.
Cox and Vargas indicated that if a fii.al test consisted of the
best two-thirds of the items selected by either procedure,
approximately seventy-five percent to eighty percent of the
items would be the same in each case. The authors noted,
however, that some items nct discriminating between pre and
posttest groups would be retained by the upper-lower 27%
procedure while some of the best discriminating items between
pre and posttests groups would be discarded.

While the above study was not specifically concerned
with scaled tests, it did concern the area of criterion-
referenced measurement which includes scaled tests. The re-
sults of the study suggest that how a test is to be employed
or constructed will be a determining factor for the type of
item analysis procedure required. These results support the
conclusion of Husek who stated. "Unfortunately there is no
evidence to demonstrate that [test] items which would be most
useful for one purpose are very useful for another purpose."82
Therefore, a test that is to be scaled may well require dif-
ferent item analysis procedures from a norm-referenced test.
Reliability and validity may be suspect for the same reasoné.

Since scaled tests of achievement have not, to this investi-

gator's knowledge, been discussed in the literature, no

82 T. R. Husek, "Different Kinds of Evaluation and
Their Implications for Test Development" (Paper read at the 50th
Annual Meeting of the American Educational Research Association,
Chicago, Illinois, February 19, 1966), p. 2. (Mimeographed.)
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information regarding the characteristics of the reliability
and validity of scaled tests is available. Such information
should be obtained, for if the development of a scaled test is
to be thorough, both construction methodology and evaluation

procedures should be discussed.

H. Summary

With the development of individualized instruction and
similar educational innovations, criterion-referenced measures
are in increased demand. With students being compared ito ab-
solute standards as criteria, what specific behaviors a student

has mastered as well as how much he has mastered are desired

kinds of information to be obtained from the test. Similar to
norm-referenced test raw scores, criterion-referenced test raw
scores have, to date, supplied most information regarding the
latter (how much) and very little information regarding the
former. |

One solution to the problem of interpreting from a
test raw score what specific behaviors a student has mastered
would be a test whose items were sequentially scaled. A test
80 constructed "sould have the characteristic that an individual
would pass items to a certain point. Once failing an item, he
would fail all subsequent items. Therefore, a score of 4 would
mean items 1, 2, 3 and 4 were passed and all other items failed.

A technique which yields tests of this type is
Guttman's "scalogram analysis."” while developed as a tool for

attitude and opinion investigation, Guttman has suggested the

use of the technique in the construction of achievement tests.
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To date, however, scalogram analysis has been applied to most
everything but achievement testing. In many studies the tech-
nique has yielded a sequentially scaled measuring instrument.

If the same results could be obtained for achievement tests
their scores would provide information indicating what specific
ovehaviors the student has or has not mastered. &n investigation
of the applicability of Guttman's sczlogram analysis to achieve-
ment testing is needed.

Encouraging results were obtained from a pilot study
concerning the development of a sequentially scaled achievement
test in the addition of whcole numbers. Also from the pilot
study, a methodology incorporating scalogram analysis was suggested
for the construction of scaled achievevent tests. Further in-
vestigation applying the methcdology to ¢ wider range of skills
and objectives seems warranted.

In addition to methodology for construction, another
important aspect of the test development process concerns
evaluation. The evaluation procedures %ypically applied in the
development of standardized achievemznt tests (norm-referenced
measures) are in the areas of reliability, validity, and item
analysis. With the exception cof some evidence that criterion-
referenced measures may require different item analysis pro-
cedures from norm-referenced measurs:, no evidence is available
concerning the comparability of the evaluation procedures for
scaled tests as opposed to standardi:ed tests. To be thorough
the development cf the scaled tesis showlds iaciuds bogh cest

construction methodology and evaluution procedures.

ERIC

Full Tt Provided by ERIC.




IXI. STATEMENT OF THE PROBLEM

Thie purpose of this study is to apply a methodology,
incorporating Guttman's “scalogram analysis," for the construc-
tion of sequentially scaled achievement tests, and to develop

evaluation procedures concerning the reliability, validity, and

item analysis of the obtained tests.

41




IV. PROCEDURE

Application of the methodology for the construction
of sequentially scaled tests was attempted in five areas
of arithmetic achievement: addition, subtraction, numeration,
time telling, and concepts in money. The behavioral objectives
selected for this study pertained to skills taught in grades
one through three. (See Appendix B #-~- a listing of objectives
for each test.) The sample of students was obtained from
two schools in the Baldwin-Whitehall district of suburban
Pittsburgh. One school, Sickman Elementary School, provided
a sample of "conventional" classroom instruction; the other,
Oakleaf Elementary School provided a sample of individualized
instruction. All five tests were administered to both
schools.

The directions for each of the items were read to
the students, and ample time was provided for the student
to attempt all items. The scoring criterion employed was
that two-thirds of the items had to be answersd correctly in
order to pass a contrived item. Where only one or two items
composed a contrived item, both had to be answered correctly.
The scalogram analysis procedures were applied (1) to the |
separate test results for each school to provide evidence
for test scalability for the individual schools, and (2) to
the combined test results from both sghobls to provide an over-
all indicution of the tecsts' scalability. To take into

account spuriousness in the reproducibility coefficients,

Menzel coefficients of scalability were alisc calculated.




Following the application of the methodology for the

congstruction of the sequentially scaled tests, evaluation

was attempted in the areas of reliability, validity, and item
anaiysis.

In considering the reliability of the scaled tests
Certain methods commonly employed in evaluating achievement
tests were considered. One of these methods concerned the
equivalence of alternate forms of a test, but this procedure
was deemed inappropriate for the present investigation. The
purpose of the present investigation was to attempt to
develop a scaled test in each of five selected areas of
arithmetic. If the methodology were successful in pro-
ducing scales, then whenever alternate forms of the scales
were desired, the equivalence of alternate forms procedure
could be applied. S5uch a procedure provided no information
concerning the scalability of the tests, for it is possible
to obtain a high alternate forms coefficient whether a test is
scaled or not.

Other reliability procedures ccncern the stability
of a test. Typically a measure of stability, test-retest
reliability, is obtained by correlating the scores from two
administrations of a test, the second administration follow-
ing an interval of time. The circumstances surrounding the
cime when the scaled tests were administered prevented any
atteupt o apply the test-retest procedure. Since the
] scaled tests had to be adminictcred at the end of the schonl
year to coimeids wich che Metropolitan achievement Tests

(this point of procedure is discuzsel on puge 52 of this
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chapter), no time remained for retesting. An approximation

to test-retest reliability was obtained, however, by employing
the split-half reliability procedure. While providing an
indication of the stability of the pupils’ scores, such a
procedure did contain some possible contaminating factors.
According to Guilford and Ebe! such a procedure functions

best when the items of a test are of equal difficulty.83 The
scaled tests, however, were purposely constructed to have
items of unequal difficulty. Further, because of the restrict~
ed score ranges for the scaled tests following the even-odd
split, the largest range being eight, the coefficients would
probably be underestimated.

In addition to the split-half procedure, stability
for the scaled tests was viewed in another perspective.

Rather than stability over time, a measure of the stability

of the scale between groups was considered, i.e., did the test
scale for more than one sample, and, if so, was the ordering
of the items stable between the groups?

The rationale for determining the stability of the
item orders between groups was as follows: if an order of
itemes is established as scaled for a given group, and if that
obtained scale is administered to another group for the
purpose of infsrriing behavior from total score, the order of

the items should be the same for the latter group as it

83 5. ». Guilford, Fundamental Statistics in Psychology
and Education (third edition; New York: McGraw-Hill Book
Company, 1956), p. 456; Robert L. Cbel, Measuring Educational

Achievemer,: (Englewood Cliffs, New Jersey: Prentice-Hall,
nc., 4i9 p. 343.
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was for the former. Such a measure was obtained in the
present investigation. The item orders for the scaled tests
administered to the Oakleaf and Sickman pupils, respectively,
were obtained. These obtained crders were tested for sta-
bility with the Spearman, Rho, correlation for rank
differences.

Similarly, an order of items should remain internally
stable for a particular group. That is subsamples should
maintain the same item orderings =23 the original sample if
behavior inferences from total score are to be accurate.

An assessment of this type of stability was aisc obtained.
Two groups of fifty pupils each were randomly selected from
each of the tests based on the combined samples from Oakleaf
and Sickman. The tests of the two groups were then subjected
to the scaling methodology, separately. The cbtained item
orders for the two groups were then tested for stability

with the Spearman, Rho, correlation.

Th: above stability procedures differ from the
traditional approach to reliability. While the traditional
reliability procedures attempt to evaluate the consistency
of test scores, the stability procedures attempt to evalunate
consistency of item orders.

The next evaluation of the scaled tests concerned
validity. Because of a multitude of types of validity, an
enumeration and discussion ¢f all types will not be presented.
Rather, the present study wiil be limited to discussing the
degired cutcomes of the scaled tests and how each of these

criteria were evaluated.
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The scaled tests were designed to represent skills
in five areas—Addition, Subtractio.., Numeration, Time Telling,
and Concepts in Money. Tyler stated that one criterion for
~alidity is how clearly the objectives have been defined, and

84 While

how well the items represent the objectives.
validity in this sense cannot be expreizsed in terms of som:
coefficient, this criterion was employed in the formulation
of the objectives and coiistruction of the items. The
obijectives were defined by employing three criteria suggested
by Lindvall:as

l. The objective should be stated in terms of the
pupil.

2. The objectives should be stated in terms of
observable behavior.

3. The statement of an objective should refer to
ti:e behavior or proceszs and to the specific content to
which this is to be applied.

The items were constructed directly from the obiained ob-
jectives.

The scaled tests were also designed to provide

scores from which behavior could be inferred. A measure

84 Ralph W. Tyler, "The Development o5f Instruments for
Assessing Educational Progress,"” Proceedings of the 1965
Invitational Conference on Testin;"ﬁron ems (Prince on:

RSN

Educational Testing Service, 1966), p. 101.

85 ¢. M. Linavall, Testing and Evaluation: An Intro-
duction. (New York: Harcourt, Brace and World, Inc., 1961),
PP. 23-24.
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of the tests' validity in this respect would be the degree

of success obtained when behavior was inferred from test

gscore, Such a measure was provided by predicting tha a
total score of n for each pupil meant he had passed the first
n items. Percentages were obtained for perfect predictions
and predictions off by cne item, and off by more than one
item.

Since the scaled tests were also designed toc indicate
the pupils®’ standing in relation to the sequence of objectives,
the behaviors represented by the test score shouid be indica-
tive of the students' pesitiocns in the classroom curriculum.
In other words, if the test is an achievement test it should
indicate how well the student is mastering the skills in the
classroom. With the students at Oakleaf, a daily record
was kept concerning mastery of skills in each unit of study
in matheiratics. A comparison of the test scores to these
students’ level of mastery in the respective units provides
an essential measure of validity for the present study.
Predictions on the hasis of scaled test scores were made
concerning the level and skill attained by each student in
each of the five units at the time ¢f testing. The percentages
of correct predictions, predictions one, two, three. and more
than three skills ¢ff were obtained.

In order to make the predictions, each behavioral
objective for the five scaled tests was matched as closely
as possible to a behavioral objective of the Oakieaf math-
ematics curriculum sequence. The Oakleaf objectives were

available in a numbered sequence which was arranged by unit
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| and level. As a result each behavioral objective from the
scaled tests could be placed in a level at a skill by match-
! ing it to the Oakleaf curriculum objective. For exampic,

the behavioral objective, "The studen: will ke able to sub-
, tract two two-digit numerals withewi borcowing” was found to
T correspond with the Ozlilcuy chijeccidve ac level <, skill =
in the subtraction unitc (Sze Apccndis © for o short description
of levels A~E). Since thiz itzie of the scaled tout ware aok
in the same seguential cuder 2z the cbhjectives Frow the
Oakleaf curriculum (see page 101), wo predic. the Tevel and
skill from the total score the following proczdures wers
employed:
l. The unit and skill corresponding to ihe last
/ item passed on each test were obtained for each pupil Ithis
/ unit was called the "base unit").
2. If the pupil had mastered all tha tested skills

in the bas2 unit, one of the following criteria were applied:

(55

a. If he hiad masteored any skills 1in che nexg
; unit his placement was predicted uib the Llowest test-
ed skill .ot wevbered in that wauk.
b. If he had not masceved oy skilils 1o che
next unit his placement wus predicted ac ons skill
above ihe last tested gkill in the Lase uait,
.% ¢. If he had mastered all skiils at the next
: unit criteria 1 or 2 was repeated for the subseguent unit,
d. ¥PFor those passing all items tihwe prediction was

e made at vne gkili beyond the highest level and




Vduring the jyear, his placement for the following year was taken.
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=ikill tested.

e, For those failing all items the predictiou
was made at one skill below the lowest level and skill
tested.

3. 1f the pupil had not mastered all the skills )

in the base unit the following criteria applied:
a. If he had mastered all but one skill of the

previous unit his placement was predicted at the

lowest skill not mastered in the base unit.

b. If he bhad not mastered two or more skills in

the previous unit his placement was predicted at the
lowest skill nc¢t mastered in that unit,
¢. If he had mastered all skills in the next

unit criteria 2a, b, or ¢ were applied.

To determine the actual level and skill for the
pupils in the five units of the Oakleaf curriculum the fol-
folowing criteria were applied:

l. If the pupil worked in the unit under consideration
from March on, the last skill in which he was working was used.

2. If the unit was mastered, that level was compared
to the level where he was placed at the beginning of the
following school year. The higher of the two was taken.

3. 1f the pupil d not worked in a unit since
March, but did werk in the unit during the year this level
was compared to his placement as in (2) and the higher
was taken.,

4. If the pupil had not worked in the unit at all
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The final evaluation of the scaled test was concerned
with item analysis procedures. One form of item analysis
concerns the discriminating ability of the items. Trad:ition-
ally items have been selacted at the 50 percent level of
difficulty when it was desired that items make the maxtimum
number of discriminations between those passing and failing
the iter.s. Such procedures are not appropriate for scaled
tests hcwever, for in evaluation the concern is not always
with maximum discrimination. Sometimes it is desired to
know what all the students answer or what only a few can
answer, or in the case of criterion-reference measures,
what each student has mastered in terms of absolute standards.
As Tyler states:

Tests that are constructed to measure indi-
vidual diffeience contain a very large proportion

of items that are at the 50 percent level of

difficulty because these are the most efficient

in discrimination. Such tests are inappropriate

for the assessment because they do nct furnish an

adequate picture of what is being learned by nearly

all and by the most advanced.,86

Other item analysis procedures commoniy employed are
the selection of items which have the highest correlation with
the other items in the test, or items which have the highest
correlation wit: the total test score. The former is es-
pecially sensitive tc item difficulty, functioning best

87

when the items are of equa . difficulty. Therefore, this

86Ralph W. Tyler, "The Development of Instruments
for Assessing Educational Progress," Proceeding of the

1965 Invitational Conference on Testing Problems (Princeton:

Educational Testing Service, 1966) p. 101.
87

Guilford, op. cit., p. 450.
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procedure was deemed inappropriate for scaled tests, since
the scaled :ests were constructed to have items of unequal
difficulty.

Item-total score correlations, while not as sensitive
to difficulty as item correlations, also do not afford the
type of procedure necessary for scaled tests. Items which
are good items for a scaled test may be judged poor by the
item-total score procedure. For example, the items at the
extremes of the scales which most answer correctly or in-
correctly, will have low item-total score correlations and
be rejected by this procedure. These items, however, may
be crucial in defining a scale,

Rather thun selecting items which best represent
the total score, the appropriate item selection procedure
for scaled tests should yield those items which best re-
present a scale. If each iter. should represent the scale
then cach item should have a reprbducibility of .90 or
greater, i.e., if there are 100 scores the maximum errors
for an item should be ten. Consider, for example, a score
of 4 obtained on a scaled test. Theoretically, all those
individuals with a score of 4 or above should have rassed
item four. All those with a score of 3 or below should have
failed item four. The errors for item four can be found by
summing the number of péople who pass itew: four who score
iess than 4 and the number of people who fail item four who
score equal to or grater than 4. This procedure was employed
for identifying poor items in each of the five tests for

Oakleaf, Sickman, and the tests based on the combined samples.
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comparison was made hetwean, the scaled tests and a norm-

referenced, standardized achievement tests. Since one type of

test commonly employed in the schools for pupil evaluation has

been .the standavdized achievement tests, it was desirable
to know how the results of the .two types of tests compared.

The Metropolitan Achievement Tests, Primary I (Form B),

Primary II (Form A), and Elementary (Form C) batteries

wereiadministe:ed toWthngg;eaﬁxpupils,concu:rentlx_with;_
the scaled tests. The;qqﬁparison inyolved the following
procedures: o v f e
.~ 1. The methods employed for the evaluation of the
Metrspolitan. tests were applied to the scaled tests. .This
consisted of split-half reliability and item analysis based
on a discrimination index hetween high and low scorers. The
sizes of the reliability coefficients reported in tne Metro-
politan examiner's manuals were compared to the coefficients |
AObtained from the scalgqytgqgs,:taking»%ntQ,COﬂSideration,
the contaminating factors mentioned previously. The Metro-
politan manuals wq:ewngt;specéﬁig;qongﬁrn%nsMSheﬁtype~ot;

discrimination index employed. Therefore, the difference

between the upper twenty-seven percent and lower twenty-seven .

percent was chosen. . The items rejected by this procedure
were compared to those- rejected by tﬁe;sqggespgé procedure
for scaled tests. . . .

2, 'An attempt was made to apply. the scaling meth-
odology to the items of the A:iphmetig;cam,ntatignﬁagggggﬁﬁ
cepts and;Pmoblam3891winfmﬁgbteﬁt§;9ﬁé$h§”ﬂ@ﬁ?@??litan*
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The itemd Wers eiasufwi 14 with ‘respect to ¢ the ‘ehavioral

éiﬁ.* T note than one 1tem'éor-.

objectives: ‘they 'repre
rosponded“to”an“oﬁjéetfvd}”conﬁV1Vtﬂ“iﬁcma wéru“bﬁmp6§éd.jﬁp
tests cofréﬁpéﬁdihfﬁféﬁfhéﬁffﬁbé%éﬁiéaiféiis:f“ﬂaéffiéﬁ;“
Subtraction, Nﬁﬁftﬂfiénf*f&ﬁé”Télifﬁ&f”Sﬂa'édﬁéébﬁbiiﬁﬁﬁghey.
Items fzaﬁ‘eha*uefibﬁaifﬁiﬁ”wﬁréh‘&ianbt*faar1ﬁté'oﬁé“a?£
the above five categories were omitted. The same criteria for
scalability which ‘were applied to the scaled tests were applled
to these five derived tests. ' B

3. To detéfM£hé‘if‘ﬁ“pirticular raw score represented
the same items beihg answered correctly, the raw score patterns

for the scaled tests and the derived Metropolitan arithmetic

tests were obtained. For the Metropolitan the contrived items

were reduced to their corresponding individual items since the

comparison involved raw scores. ' The raw score patterns for the
five tests were*eamﬁst@aftafiﬂé”fﬁwihéofa patterns of the

’ scaled tests by computing the average number .of score patterns
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per test.
" Phe procedute for computing ‘the average number of !
patterns per test is as -follows: ﬁfv~” et s
[T perfect lﬁﬁféié“iér@”sédiéb,"bg“gebrgg represehtea
' by one person wete omitted bécause only one score’

'*”E*piﬁ%eiﬁfwﬁi“pdiiiﬁi&.ﬁfwﬁi“é96}h&8-*@@r&*&&ﬁﬁueﬁhﬁby*””

e dividLnQWBy“thﬁ@umnilur~ofwthe following two valuétx’”ﬁ
0 phe total nim
(et o the mixihuh Atsber of ‘possible bittbfnh~-’%”*?‘

The latter value was necessary because

jer’6f people represented by’ the pntterns

ER&C

Aruitoxt provided by Eic:




54

[N
CE Ll S 1
AT L e

DR L t‘“:«?‘ b‘d 'o tew i'tem"’“ g ‘nd .”the r‘forc' m‘]‘ya
ki et R m“‘ n%“ quatternq yere ponible 1O m“t'te X
. -+, ;hoW many people were represented. The maximum num-
Bher.of_petterns was obtained by finding the combina-
tion of n things taken r at a time. For example,

x“”ffoa test had only three items the maximum number

‘of patterns would be six, the scores 2 and 1 being
the only scores considered. o

" 4. The score'petéeroéwéf the scaled tests and the
”score patterns of the derived Metropolitan scaled tests
‘were cOMpared as in part 3 above.

| 'S5, Predictions from the total raw scores of the

derivead 'Met‘ropoiit;eﬂ ‘tests were made concerning the level
and skill of each pupil in each of the five units. Since
itﬁefﬁreaictioﬁimvere"ba:ed5oﬁ”rewascores, the contrived
items were 5§;15“fea&céa“£o their;cohbonente.‘ With one
erceptioh'theﬁprediction“foiiovéd‘the seme'procedvresfahd;
vcriteriaempfoveéiin}thefveliGEtion“of the scaled tests.
oﬁ&ié&éepfiah’iﬁvéiééaitﬁé‘aéférﬁ1ﬁ5£idn of score ranées for
‘éﬁé‘ﬁet:oédiiéiéiééséé. ‘$ince no contrived items were em-
uployed, mony itemc ‘of the Metropolitan tests pertained to
;the same objective. Therefore, a range of scores, correspond-
‘inq to the number of itema testinq a given objective, was
moetoblished for the purpose ‘of predictinq the pupils’ positions
in the curriculum. “For exampie, if the first objective was
Tteated with three iteml e score of 1, 2, or 3 vculd correspond
to the ‘same level and skili ‘1f the next objective had two

:itemc the scorel of & and 5 wouid correnpond to “the ‘next



skill." Percentiges: were' SbtWined dh' the same manner ‘ss shé

scaled tests. . These pere‘emaqemmraomparedto those: of:

the scaled: tests to deturmine the relative success ©f each

typelof LAW: seare. et B i Peei im0l e pFE R ¢ tahadl ‘

A. §ummarg

ey . e "y R [

i g

The methodology for tne construotion of sequentially

s g
PR YT ST

scaled acbievement tests was applied in the development

i »‘ w‘g ‘»‘

of tests in five areas of arithmetic aohievement' Addition,

5 [ e;._ N :zet By, 4 y: E S0 s

Subtraotion, Numeration, Time Telling, and Concepts in N

\ 4,. 1 7

Money. SubJeots were obtained from two elementary schools,

&‘

Oakleaf and Sickman, in suburban Pittsburgh. Following the

ol
construction of the tests, three phases of evaluation were

EX

attempted--reiiability, validity, and item analysis. The
follow1ng procedures were employed. | |

1. For reliability (a) the split-half (even-odd)

S

oorrelation was obtained as an approximation to test-retest

reliability, and (b) Spearman Rho rank order correlations

Ly Wt 2y .

were obtained for the orderings of two random samples of

( *#

pupils selected from the eombined Oakleaf and Siekman pop-

ulations. Rank order oorrelati ns“were also obtained

for the item orderings of the Oakleaf tests versus the cora\M

“ L“‘.

responding sickman tests. Tbese provided a measure of the

K ! - L ; c ,g d »“_ i i J i

stability of the items in the scales.

-+

v l‘ *r ﬁ ‘;ei‘i'g

2. The essential measure of validity was provided

¥ it I“ ; :)«

by the agreement between the soaled scores and the Oakleaf

SR STV LT R T EOR T R R i oy g
student s level oﬁ mastery in eaen of the five units. Prea
L St I N Page r”’é’{ti”"f"» X £ Ere v asde RERsu 0 % i % g

diotions were made, on tbe basis of the sealed test scores,




”““*”&ﬂiﬁq whidte each’ otudont nhould be 1n each of the five

units at“the' tiﬁémof”hﬁﬁtiﬁgivﬁ@hi L
predictions o théﬁd‘i&?%feéord‘of‘eaoh atﬁdent was*reported

: lpondﬁﬁ% o!’ these

by percentage“perfeot'ﬁ&ediétion-. pre&iotions oft’ by éna)

"

two)° tﬂree. and’ more Bxillsl fned by mtle

nd
;‘ 0

gw

‘A’ medsure of‘ the validity ot each scaled test was
also obtﬁine&”ﬁyﬁéﬁmﬁﬁ%iﬁé the percentage of times a total' '
_Qé&f&”&?“ﬁ“ieﬁfgﬁeﬁféd a student's passing the first n
items’. " Perfect iéﬁr@ﬁéhfﬁt&%ﬁ%,“éﬁa,fhoéefoﬁefité%’off%”or
more than one item off‘were oﬁfaiﬁédﬁif”“* SRR

"\3.”fThéFi£¢m§Qﬂfiyﬁﬁéﬁﬁfooéaufé’in%éibed establishing
a minimum reproducibility of .90 for each item. The

maximum nuber of errors for an item was ten percent of the

number of peopic- Errors were obtained by counting those
persons having a score lower than the item number but
passing the‘item, and those persons obtaining a‘soore equal
to or greater than the item number but failing the item.
The final phase of the present investigation in-
volved a comparison of the scaled tests results to the

results of the MetropolitanerhievéMent Tests odministered

concurrently to the Oakieaf'pupils; The comparison involved
the folloﬁihg procedures: |

1. The methods employed for the evaluation of the
Metropolitan Tests were applied to tho scaled tests. Re-
liability and item analyais procedures vere compared.

2. ‘An attempt was made to determine whethor the

scaling methodology could be applied to the items of the

arithmetic computation'sobteﬂt.of the Mstropolitan

. . o : o
ST ST
die !
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A. _gplication

The scaling methodoloqy ﬁor the prelant 1nveat1—
'gation consiuted of éhe following steps:V"““hf”“““W 
| B Identmficationaof thia terminal beh‘Q&oral ob~j“w
:jective to be teated, followed by’ identificatxon of a series
sof behavioral objectivea which appear logically to preceed
;the terminal objective in a sequence. T
be \ | 2. COnstructxon of items corfésponding to each
;objective.- ,' A;kw | '< c w
3. COmbihation éfyihe items into "conttived iteﬁéi"
4. Establishment of a criterion for passing each
“contri#ed item." |

5. Administration and scoring bf the tests.

6. Application ot Guttman”s "scalogram analysis"
technique includzng computation of the repxoduclbxllty
coefficient.

7. 'com'putqtiqn _of Menzel's coefficient of scal-
,bility, OV “-”Mwmvu‘twgui;

For both the Oakleaf and Sickman tgstéhéﬁ;initiéf}
=reproducibility“coefficient*wasﬂcalculated;v~Tha~items~were
‘then rearranged, where necessary, to obtain the maximum &o-
‘efficient of téﬁfoducibifiéy. The cddfticient‘dfiscalaﬁif{ty
‘was computed tollowing the ‘tinal urranqement of the items
“(see Appendix D for a 8ample seuloqraM) The cbtained re-
ﬁﬁrbducibility*iﬁd scalabiiity coefficients axe presented in
)T‘big&lw'ndwr‘bm‘wszmm%wAmumwwwwyﬁf_wﬂamw.k&@fﬂ%ﬁkwww_ugjwq_
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~L@;mmﬁaxt;wtllmbE@ﬁbtgdﬁﬂf&tﬁbbthitnbléﬁ»coﬁtain~cb1umhs

for1révi3éd%reproducibiiity~ahaﬁt§viieducalability:coéffi-
,cientswovThésewrévisiéns*w%te*hecessarbeecanse of the number
of perfect ééoresﬁocdurrinq;ﬁ5With a‘peffect é¢ore the rebro-
ducibility hégt0~betperfectfahd;'therefore, a group of |
perfect écores will spuriously’raise the reproducibility of the
test as a whole. While the coefficient oéfscalability will - |
insure against quriousness*in'the test, it too must bé perfect
for all perfect acores.' Therefbre, all but one perfect paper
was omitted'ffom each test, the one perfect score remaining
to.give’the teStia ceiling. - Reprbducibility and‘scalability.
coefficients were again computed, and these coefficipntsf
constituted the revised: coefficients appearing in thé tables.
These revised coefficients were established as the criteria
for accepting or rejecting the tests as scales.

From the values presented in Tables 1 and 2, four of
the five Oakleaf tests and four of the five Sickman tests met
' the criteria for beihg a»scale;ggsecause thé scalaﬁilitycoeffi-
~ cient was below .Gsvthé Oaklegflﬁumeration test failed to
‘meet the criteria and was not considered scaled for this grbup.
The Oakleaf Money and Time teéts barely reached the minimum
| valueifor’scales,.and while;acceptedwas‘scaled, were in need of
further revision. The omission of some poor items (to be |
discussed later):and/ora&he»additien-of new items is suggested.

‘The Sickman Time test also failed to meet the Scalability

uctiterioniandwwas notwéopsideredacalad for the Sickman pupils.

Ths remaining four tests had substantial scalability coefficients |

tés N . .
T , ..
PublE L i
2 o . . — - k) X
o ' T g “ e o ! : ) B " e - * AR
. i L . st L b - . E oy - ; el L
.



in contrast to only two aubstantial 3calability coetficients
for the Oakleaf tests. The differenve between the Oakleaf
and sickman Numeration tests may be a function of differential
familiaiity to Numeration content. The lowest sccie on o
the Oakleaf Numeration-test was 7 while there were nineteen
scores below 7 for the Sickman Numeration test. It would
aopea: that the Oakleaf students had greater familiarity with
s'the Numeration objectives tested, the test being ton easy for
them. As a result the objectives and corresponding items
\were not sequenced onee the students had become familiar ”lth
;them. The Sickman pupils who scored lower than 7 ev1dently
had not had the.same amount of familiarity with the Numera-
~ tion objectives, and could not attempt the higher level items.
Consequently, the opportﬁnity to have high reproducibility |
and scalability was greatet for these items.

The same conjecture could not apply to the Money
test, however. The score ranges were almost the same for
- both schools. -Perhaps the best suggestion is that the Mohey
test functions differently for the two groups, and that it
best represents thevordering of the objectives of the Sickman
curriculum. N

Follow;ng the attempt to scale the tests for eaoh
school separately, the two samples of pupils were combined
to determine if the tests would scale for theventire~qroup..
The reptoducibility and scalability coefficients are re-
ported in Table 3 for the final ordering of items. ReviSed{
repzoduCibility and scalability coefficients were again

calculated by»omitting_all but one perfect paper from each
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test. These revised coefficients were employed as the criteria

for considering a test as scaled. ‘The results show that
only the Time test failed to meet the criteria and was not
considered scaled. The magnitude of the scalability coef-
ficients for the Numeration and Money tests was undoubtedly

enhanced by the Sickman scores.

TABLE 3

| ' REPRODUCIBILITY AND SCALABILITY COEFFICIENT
“ FOR THE COMBINED SAMPLE OF PUPILS

t o Revised Revised
; Repro., I Scalability Repro. Scal.
|
1 . o R
b Subtraction +955 .778 .946 .739
s Addition = .973 .837 .936 .776

- Numeration  .962 .715 ;943 .715
| Money .958 .733 .955 .712

Time 917 .669 .907 .630
?
f
}
| B. Roliabilitx ot tho Scalod Testo | L
: o Havinq applied the methodology for the oonstruction
{ of acaled tests, tho recultant five tolts woro subjeoted to
| e R
| avaluat;on pmoooduron 1n the areal of reliabil y, validity,
and itom aoalysis.' The initial meanure of relw‘bility in-
‘ volved tho computation of lplit-half roliability ooeftioionta
) to offord aﬁbfﬁaioation of the stabilityxM t ”gtest scores.
SRS 8 SEUNE - T O TSR GO POl SO L
ER&C
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Because the fipalq;gcrlvof‘igemgﬂqf.each‘test were arranged in
ascending order qfvdigtiqqltflanyﬁygpfbad split w;; §hpsem. To af-
ford an adequate sampieﬂgi?e‘éhekgéxgg;atggpg we:é éomputed

from the combined paquaf‘gndﬂsiqghqn»gest iggﬁ;pg. fhe
correlations, appearingwinnyqblg 4,“w§¥e corrected by using

thQMSpearman-B:own formula.

TABLE 4

CORRECTED SPLIT-HALF RELIABILITY
COEFFICIENTS FOR THE SCALED TESTS

Test 9

Subtraétioh - - .aiz"
—Add;tioﬁbk o e
| nu;éxatibﬂ‘ T e

‘:5 - Y
oy -
¢ = &

Tk

Ff&ﬁ ﬁh:%;;§;££;3;;2;gléﬁe\;giit-half coefficients
the tests appéa: to have fairly stable scores. The Time
test had the lowest coefficient, a result which indicated
some lack of stability but a result not unexpected since the
Time test did not meet the scale criteria. When the con-
taminating factors of the split-half correlation are con-
sidered, the above results are most encouraging, for with
varying difficultios and restricted score ranges the

coefficients may be underestimated.
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While the split-half reliability affordcd a measure
of the otlbility of tho lcbrol, a ﬁoaluro of the stability
of the itun ordcringn wuc aloo computcd. Twe assessments
of the stability of the tests' item orders were employed:
(1) the stability of the item orderings between the two
schools and (2) the stability of the item orderings for two
randomly selected groups from the combined samples. The
Spcarmanégﬁg. rank-difference correlationnﬁas employed for
both assessments.

The Spearman correlation coefficients for the item
orders between schools appear in Table 5. The Subtraction
and Addition test items had stable item orders. The Time

and Money item orders were not as stable and indicated scme

fluctuation. A coefficient as large as .880 was unexpected
for the Time test. The order of items remained relatively
stablq even though the tclt did rot scale. The Numeration
iten orders were not ctnble,‘ This result, however, reinforces
the conjecture concerning this test's scalability; the items
did not have a scalable orering for Oakleaf but did for

Sickman where they were more difficult.




 TABLE 5

SPEARMAN RHO' CORRELATION COEFFICIENTS
FOR OAKLEKF AND SICKMAN ITEM ORDERS

Test Rho

Subtraction <946
Addition <932
Numeration «736
Money V S <846
Time W “ .880

. R S

A second assessment of the stability of the items
vas made by selecting two random samples of fifty pupils
from the tests based on the combined samples of Oakleaf
and Sickman. Spearman Rho correlations were obtained for
‘the two samples and are presented in Table 6. The results
were that the item orderings are stable within any of the
five combined tests. SR

SPEARMAN RHO CORRELATION COEPFICIENTS FOR
THE TESTS BASED ON COMBINED SAMPLES

oot 4

[T A S o - - " o i . . . S RN e
PN AR A P S e A A A € T PR R NS - SRS Wit vowg Ly Vo B S e TR e (SN R TN A d
R N T 3ok Briadon (N TN R D T i N B SRR VRN LR oS - e T
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TABLE 6 (continued)

SPEARMAN RHO CORRELATION COEFFICIENTS FOR
ITEM ORDERS OF T™WO RANDOM SAMPLES FROM
THE TESTS BASED ON COMBINED SAMPLES

Test . | Rho

Money 930
Time | 932

C. Validity of the Scaled Tests

The second phis; in the evaluation of the scaled
tests concerned validity. One of the validation procedures
was the measure of the degree of success obtained when be-
havior was inferred from the total raw score of the scaled
tests. Theoretically, a pupil obtainlnq a score of n should
have anawered only the first n Ltama correctly. Percentages
for each test were obtained for the number of times the total

score equaled the first n items passed. Percentages were

also’obtdined foﬁméhé nﬂﬁb&rldf tiﬁel‘the‘tbﬁal score was off

by one item or more ‘than one item 1hjfgp:eoentiﬁg*tﬁgwfl:qt

n items pasaed. Perfect scores viere omitted from the calcula-
tions lince thaue studenta had not reached a point at whiéhrah
ngﬁ?g%gq§§%%ed. T@ghggsultant percentages for Oakleaf are pre-
lggﬁgqﬁigﬁ?gblg 7. [The Sickman rasults are presented in Table
qu_ﬁﬁqﬁgwthe éwo aggggll” :amplequguge combined, thgyltem orders

were reanalyzed. The results for the combingd samples are pre-

sented 1n Table 9. The numbor in parentheleu following the

R Lo e TR

title indicates the nunber of scores cmployed in the calculations.




PERCENTAGES OF RAW SCORES EQUALING THE
‘ FIRST n ITENS PASSED (OAKLEAF):

67

Test

et eteere ettt

Percent
Percent Percent Graater Than
Perfoct Cne Item Off One Item Off

Subtraction (77) 59.7 37.7 2.6
Addition (72) 70.8 25.0 4.2
Numeration (54) 33.3 57.4 9.3

Money (79)

Time (74)

54.4 32.9 12.7
17.6 45.9 36.5

TABLE 8

PERCENTAGES OF RAN SCORES EQUALING THE
- FIRST n ITEMS PASSED (SICKHAN)

¢ . 1 .
I i\ ; ;u oo xg__ L\ .

Test

0 3 I P e : R
i N N § E ;

Percent

‘Petcent = Percent - = Greater Than

Perfect One Item Off One Item Off

Subt:action (57) A“61.4 o ;,31,6«»*¢ e e 7 olru
Addition (sop *f_ “40.0 . se.0 10,0
Nunarntion (47) AV‘42.6 ;w ., 6. 8 . 0.6

uoncy (67) w

Tin. (70)

ot - 1’“ P S bl 2 . k
lz°l 3‘°3 : . ,anﬁm. N
N "‘“’» PR ST P Do [P s i’."lﬁ Lo ]
i SET S s, LR TN SR T A oot ho i UL R ol g s
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TABLE 9

PERCENTAGES OF RAW SCORES EQUALING THE
PIRST n ITEMS PASSED (COMBINED)

i

L - . Percent

Percent Percent Greater Than
Test Perfect One Item Off One Item Off
Subtraction (134) 45.5 . 50.0 4.5
Addition (l122) | 57.4 36.9 | . 5.7
Numeration (101) 30.7 58.4 10.9
Money (146) 56.8 34.2 8.9
Time (144) 14.6 7 32.6 - 52.8

The results showed thst for avery test but Time the
total scores were within a maximum of one item off in
having the total represent the first n items passed for
approximately ninety percent of the cases. These percentages
are closely related to the reproducibility of the tests,
since the ‘errors employed in determining the reproducibility
coefficients were the same errors made when the total score
did not equal the first n items passed. .

The Time test, having the lowest reproducibility in
all cases was also tlie poorest in this phase of validity
evaluation. The scores did not come within one item of
equaling the first n items puocid in more than fifty per-
cent of the cases for Sickman, and more than sixty percent
for Oakleaf. When the schools weres combined the Time scores
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were successful in baing within one item in just slightly
more than fifty percent of the cases.

The finll*lisclsmont“of*thé.validity of the
scaled tests, and\ﬁqrhaps the most crucial for the present
investigation, was hoﬁ well the tests' results indicated
the position of the pupilq in the classroom curriculum
sequence. In order %6 determine this type of validity a
daily record of thetpupili' positions by skill and level
in each unit was requirod. Such a record was maintained for
the Oakleaf pupils but not for the Sickman pupiis. The
results, therefore, pertainred only to the Oakleaf tests.
On the“bgsis of raw score zione, and following the procedures
outlinedpin the prcyiqus ¢haptcr predictions were made for
each pupil concérniﬁg'the level and skill at which he sheuld
be workinq in eadhwof the five tested areas.

~ Percentiges were obtained for the number of times
the pupil was placed at the exact level and skill or at
one, two. three or more lkilll otf. The obtained percentages
are lhaprin Table %9. Tho number in parentheses beside
each tcaivnamc 1ndicutes ﬁhe number of pupils who could be
place with a dcgree of accuracy. In & fcw inctancos pupils

were no lonqar 1n the :chool and no placement data for 1965

was available.
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The results indicated that in four of the five
tests at least éiéﬁéﬁ;é@ié&ﬁtﬁbiﬁﬁﬁé;dakiéﬁfepupils were
placed wzthln a maximum of thrse skills frnm their position
in the currxculum sequence. Approximately one third to
two thirds of the pupils, dgpending on the test, were placed
at a maximum of one skill off.

The validity of the Addition test was poor, es-
pecially in comparison to the other tests. Since the Ad-
dition test had ranked so highly with respect to the other
evaluation criteria, the result was surprising. The result
should have been expected, however, when viewed with the
strrcture of the curriculum sequences for the five tested
areas. The information provided in Table 11 indicated
the number of skills in the Oakleaf curriculum at
each of the five levels tested in each unit. Table 12
furnished the ratioa of the number of akilla in the last
three levels (C, D, and E) to the number of items in each
respective test. The reason for eliminating levels A and
B was that when the pﬁédfétiona wéﬁéfﬁ@défto determine the
valmdlty of the tests. only twenty-one of the 416 cases

were actually in 1evel B and none were in level A.




TABLE 11

| NUMBER OF CURRICULUM SKILLS_PER

LEVEL FOR TESTED UNITS

| Levélu
Tested Units A 0 B o0 D

Total

Subtraction N PO
Addition: 2
”Numeration .. 10
| ‘Moné} T

Time » 3

o W W O &
S RY Y CRT S

N W W N W

16
28
28
14

19

s

@ABLE 12

RATIOS OE NUMBER OF TEST ITEMS TO NUMBER
OF CURRICULUM SKILLS IN LEVELS C,D, and E

RLATOR P AN copd JET P 2y e Loste s N ) oo
S - " s n ————

‘Total Bkills  Number of
Tests CAD+E,  Test Items

- Ttems/Skills

Subtraction ... .. 8 .. . . 11
Addition v e LBy v A8
fugggﬁﬁﬁﬁﬁﬁammwwmﬁﬁﬂsgcfmy;'mw n_waliwfaa

1.38
.78
1.56

. 1.20

1.33
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From the result; of these two tables thé Addition
test should have keen the least valid, it employed slightly'
greater than half the number of items as the cther tests to
evaluate a skill. In other words a smaller number of items
were employed to test a wider range of skills. Wwhile, on
the average, each skill was tested with an item on each of
the other tests, more than cne gkill was tested with an item

on the Addition test.

D. Item Analysis of the Scaled Tests

The final evaluation procedure suggested for the
scaled tests involved item analysis. The scalogram analysis
procedure actually included an item analysis technique.

Since the minimum feproducibility for a test was .90, the
criterion adopted for the analysis of thé items was that eah
item should have a minimum reproducibility of .%90. Rather
than.computing reproducibility coefficients for all the iiems
the maximum number of errors for an item were found. An
error was counted when (1) a correct response was made by an
individual to an item whose number was greater than the total
score obtained by that individual, and (2} an incorrect
response wag made to an item whose number was lower than the
total score of the individual. Any item whose errors exceeded
the maximum number of errors was considered as a poor item.
The procedure was applied to the Oakleaf, Sickman, and conmbined
tests. The results are shown in Tables 13, 14, and 15. The
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|
|
|
|
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number in parentheses after each test name indicates the

‘ o )
i3

meximum number of errors for the items of that test. An

item number superscribed with a bar signifies a poor item.

. o P WY s =

TABLE 13
ITEM ANALYSIS FOR OAKLEAP SCALED TESTS

o o . Subtraction (8)
ItemNo. 1 2 3 4 5 §* 7.8 %10 11
Erroxs 2 1 7 8 412 4 610 8 4
o N . Addition (8)
ItemNo. 1 2 3 4 5 6 7 8 910 11 12 13 14
’ Errors 0 0 1 0 2 4 4 4 5.7 8 5 5 3

o L | Numeration -
ItemNo. 1 2 3 4 5 6 7,8.,80II21017
Errors 0 0 1 3 3 4 4 3 618 1010 10 20

| i » . - :Money;(8)

ItemNo. 1 2 3 4 5 § 7.5 31011 12
915191114 4 0 .-
5w 4 . 1 /'Time.(8) . Bpoew oS L%
123?53789mnﬁﬁﬂrﬁ B
Brrors *““iuwiﬁ'a 13 17 17 15 5 9 1a 152512101212

R EL Y & RTINS ¥ S L
e Fhghow ;

Errors

=t
e
4N
-

Item No.

*An item number superscribed with a bar signifies a poor item.
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Subtraction (7)
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Addition (7)

L2 3 4 5 s 1 8 9 10 II 12 13 14
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Numergtxon (7)

1 23 45 zi 78 9 10 11 12 13 14
1 6 72 4 9 3 s s £ 513 3

Money (7)
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ItemNo. 1 2 3.4 5 § 7 § 3 I011 12
EBrrors 310 9 7 91919213123 9 0

:vmtmuq. 1 2 3 14 5 ¢ 7 38 §IUIIHI’514I‘§1‘€
anrmorq s 6 14 26 28 29 36 41 33 43 48 47 23 16 17 18

‘Time tast was by far the wor
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Coioee s o TABEE XS e oo o
. ITEM ANALYSIS POR COMBINED SCALED TESTS . ...

'Subtraction (16) < v il
Item No. 1 23 4 5 6 7 8 TIOIT
Errors © 4 614131713 7 9383518 -
Addition (15)

ItemNo. 1 2 3 4 S5 6 7 8 910 1IT 1213 14
Errors 0 0 1 °'4 511 1010 10'13 27 6 1% 10

.. .. = - - Numeration (15) R
Item No. 1 2 3 T 5 6 7 8 9710 11 1213 I‘
Errors 0 9 817 41215101016 14121423

IR Money (15)

i

Only the Oakleaf Addition test contained no poor}uﬁ
fiﬁqmq ton“this analysis. The Addition taat q& a wholq
and combined tests. The Sickman Subtraction and Numeration
tests wtnn@thﬂwonewmgtﬁcrntqcti»taa; Ne. An:few. as :one poor
dtem, . :Fhe xemaining ‘tests had severa - pPQE items, ‘but the

;t%ﬁgﬁwilhmiiﬁulgﬁﬂnﬂupth@wﬁﬁm‘w




poor items outnumbered the good items almost three to one.

. To determine if the poor items were the same or
variable for the.Oakleaf, Sickman and combined tests the.
items were renumbered according to their original order-~
the order in which they appeared when the tests were ad-
ministered. The results are presented in Table 16.

* TABLE 16
ORIGINAL ITEM ORDERS FOR POOR ITEMS

i P AT il . . I R R NN SE Ry Gty I ¢ ¢
oo C e i L G R PR T S

L PP N S L L o . N . N L
v - . —— — p— -

Subtraction Oakleaf P SR T |
Subtraction Sickman. o = e 4

Addition Oaklcqf % .. ... . No poor items
Addition Sickman - < = ¢ . 9
Addition Combinea =~ . . = 9

Numeration Oakleaf == == == 3 12 13 4
Numeration Sickman*® '~ 8
Numeration Combined . = L .

Money Oakleaf . . .., . .5 7 8.9 10
Money Sickman s s10
.3,6.7 89.10 11 13 14 15 16
‘56789 1011121315
 6.7.8 9 10 11 12 .13 15 16

Timq quleqt L ape tieh Lt
Time Sickman * =~ ' 'Y

sape poox. itamg qu:q gena;ally pxggggﬁ An At . 1e4:t Avwo qut
of the three test situations. . Th

re vas variation, however,

st @
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between the schools, for the poor items were never all alike
for any of the tests.

The Numerétion test répresehted the greatest amount
of variability with seven of eight poor items being different
for the three test situations. The results also showed
that four items were poor for Oakleaf and only one item was
poor for Sickman. This affords further information con-
cerning why the Sickman Numeration test was scaled and the

Oakleaf test was not.

E. Comparison of Scaled Tests and Metropolitan Achievement Tests
~ FPollowing the evaluation of the scaled tests,
certain comparisons were made between these tests and the

Metropolitan Achievement Tests. The comparisons were de-

signed to investigate similarities and differences in the

’evaluatiOn"prdcedufés and results of the two types of tests.

The comparisons included the following:

1. " The initial comparison was an attempt to apply to
the scaled teats\theAprocédnrea employed in the evaluation
of the Metropolitan tests. The examiner's manual of the
Metropolitan described two evaluation procedures: (a) split-
half reliability and (b) item analysis involving a discrimina-
tion index between high and low scorers. The split-half
coefficients for the scaled tests, obtained previocusly, are

presented\in Table 17 along with the cogfficients for the

arithmetic subtests of the Metropolitan test batteries. The

latter were taken from the examiner’s manuals and are ex-

pressed as ranges of coefficients.




TABLE 17

SPLIT-HALF RELIABILITY CORFFICIENTS FOR
SCALED TESTS AND METROPOLITAN
ACHINVEMENT TESTS

—

Test

Scale Subtraction - T .872
Scale Addition | ” | " .908
Scale Numeration .931
Scale Money o e . .852
Scale Time S C o J1er
Metro. I Arith. Concepts = | .81 - .89
Metro. I Arith. Skills ’ 94 - .95
Metro. II Arith. Concepts =~ = .80 - .87
Metro. II Computation | .74 - .88
Metro. III Arith. Concepts =~ = o .86 - .91

Metro. ‘ITI Arith. Computation .91 - 93"
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o

The coefficient values for both types of tests are
similar. Of the two contaminating factors for split-half
coefficients, only the range of difficulty was a factor for
the Metropolitan, and this factor undoubtedly not to the
fullest extent since easy items for all pupils and difficult
items for all pupils would have been rejected in the item
analysis. Therefore, the scaled test coefficients may be
underestimated to a greater extent than the Metropolitan
coefficients.

The second evaluation prccedure, item analysis,
was compared by applying the method used in the evaluation
of the Metropoclitan to the Oakleaf scaled tests. Tae
manuals for the Metropolitan were not specific concerning the
particular high-low discrimination index amployéd nor the
criteria establiahed for rejection of an item. Therefore,
percent difference was obtained and items with a difference
of thirty percent or lesl were rejected, The item analysis
is presented in Table 18. Items superscribed w;th bars
are poor items. The numborrin pareﬁtheses after the test
name indicates the number of personn in the upper and lower
groups, respectively.‘ The similarity of this item analysis

procedure to the scaled test item analysis procedure can

be obtained froﬁiTable 19;
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ITEM DESIGNATED AS PCOR BY TWO ITEM ANALYSIS PROCEDURES:
THE SCALE PROCEDURE AND UPPER-LOWER 27 PERCENT

‘Subtraction Item Numbers
Scale . S 6, 9
Upper-Lower o | : 1, 2, 3

Addition Item Numbers
Scale . . e .. .. ... None |
Upper-Lower o -1, 2, 3, 4, 5, 6

.. Numeration Item Numbers

Scale 11, 12, 13, 14
Upper-Lower o l1,.2, 3, 4, 5, 6, 7, 8, 9, 10, 11

_Money Item Numbers
Scale: . . ... . . 6,17,8,9, 10 .
Upper~Lower - R , oo Y, 2, 3, 4

~ Time Item Numbers
Scale . . . .1, 2,38 |
Upper-Lower - . . 4, 5, 6, 7, 9,.10, 11, 12, 13, 14, 15, 16

.+.-These results indicated that the items rejected by
the two procedures were almost completely different. . In each test
the uppex-lower method rejected the first several items. These
items were,easgzixpmpLﬁo;ﬁmpﬁ;aoﬁuthq.pupill}bﬁc&nys;tbsy

tested behavioral objectives appearing early:in the curriculum

sequence. - While the upper-lower item:

these easy items because they did not discriminate among the
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high and low scores, the scaled test method did not reject
these items because they were highly :epfoducible and pro-
vided‘aﬁ assessment of the pupils' mastery at the lower
levels. Items chosen for a scale start with the vevy

easy items and progress to the most difficult. Each of the
items selected by the acaled test item analysis should

best consiitute a scale. Each of the items chosen by'the
upper-lower twenty-seven percent item analysis should
discriminate between high and low scorers. The type of item
which would be rejected by both procedures would be the
item answered correctly by low scorers and incorrectly by
high scorers.

2. The second comparison of the scaled tests and the
Metropolitan tests was an attempt to apply the scaling
methodology in order to derive scaled tests from the items
of the Metropolitan arithmetic subtests. All the items
of the arithmetic subtests were classified according to
their respective behavioral objectives. In some cases
more than one item tested a particular objective. When
this occurred, contrived items were constructed, and the
criterion of two-thirds correct for passing was employed.
The items were arranged into tests correasponding to the
five areas covered by the scaled tests. No items were in-
cluded which did not represent one of the five aieas.

The Primary I Metropolitan test yieldeq only one
test Numeration, which had sufficient items (eight) to

apply the scale criteria. Guttman had suggested a minimum
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of ten icems, but the criterion was extended to see what
re=sults would be obtained. Of the remaining for tests from
the Primary I battery, Subtraction, Addition, and Money
had three items each. Time was tested with one item.

The Primary II battery yielded three tests with
sufficient items to attempt the scale criteria, Addition,
seven items; Subtraction, eight items; Numeration. eight

items. Money was tested with four items and Time with

- three, both insufficient. The Elementary battery yielded

two tests with sufficient items, Addition, fourteen; Sub-
traction, nine. Numeration had three items; Moncy. five;
and Time, one. The resultant coefficienta are shown in
Table 20. Only revised coefficients were calculated.

The number in parentheses after the test name indicates the

number of scores employed in the calculations.




TABLE 20 .

REPRODUCIBILITY AND SCALABILITY OF TESTS DERIVED FROM
THE METROPOLITAN ACHIEVEMENT TESTS

\ | Revised = Révised
Test ‘Reproducibility ‘§ca;qbility ]
Primary I Numeration (17) 934 | «550
Primary II Addition (20) . 986 | .780
Primary II Subtractlon (27) | .921 .605
Primary II Numeration_(l}!_ - .920 | : ;364 |
Elementary Addition (?7) - - +926 .636
Elementary Subtractiéﬁ (29) | .958 - 744

Only two of the tests met the criteria for scalability,
Primary II Addition and Elementary Subtraction, but neither
would have been subjected to the scaling criteria had the

minimum number of items requirement not been extended. The
only test for the areas investigated which had the minimum
number of items was-the Elementary Addition test, but it
failed to meet the scale criteria. One other test, which was
not included in the five areas, had sufficient items for
scaling. This was a multiplication test in the Elementary
battery. There were twelve items for this test but the scala-
bility coefficient was too low, .629. The reproducibility
coefficient was acceptable at .925.

3. The third comparison between the two types of

tests concerned the number of score patterns obtained for a




given test score in order to determine if a particular raw
score represented the same items being answered correctly.
The initial phase of this comparison involved the raw scores
of the scaled tests and the raw scores of the tests derived
from the Metropolitan batgetiés.. For each test the ratio
| of the number of score patterns per test was obtained. This
f ratio employed one of the following two denominators, whichever
was the minimum: (1) the total number of subjects taking

the test or (2) the maximum total number of possible score

patterns. Perfect scores, zero scores, and scores obtained

by only one individual were omitted from the analysis because
only one score pattern was possible for each. Since the

fewest number of patterns should be prosent to best interpret
the items represented by a score, the ratio of patterns to

test should be as small as possible. The ratios are represented
in Table 21. For Time only the Metropnlitan II test was
included; the Primary I and Elementary Metropolitan tests had
only one item each for time. The table includes only the
maximum values employed. When total subjects is the smaller

it is pgqqenggd, when total patterns ig the smaller only that

value is presented.




'ANALYSIS OF NUMBER OF RAW SCORE PATTERNS PER TEST

- TABLE 21

Test

Total

Total
Maximum

q , Total
Subjects Patterns Patterns Patterns/Test

Scale Subt.

Scale Add.

Scale Num.

Scale Money

Scele Time

Metro.
Metro.
Metro.
Metro.
Metro.
Metro.

Metro.

Metro.
Metro.
Metro.
Metro.

Metro. "

MEtro.

I Subt.
III Subt.

‘I Add.

II Add.

III Add.

I Num.
II Num.
IIX ﬁun;

I Money
1T Money

III Money

76
n-
53
78
73
19
24
28
17

19

22 °
19
.

‘o4

21
ag

u .
PR K
/ " 1‘ o -1

: 1‘ B

30
26
27

32

62

13

10
22
13
10

11

11

o w v v

<39
«37

51

.41
.85
47
«92
.64
«76
»53
'1.00
.58

.46
.64
.43

12

| . .
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The results appeared inconsistent at first. The
patterns per test ratios\:o; the scaled Addition and Sub-
traction tests were all loﬁer and. theréfore. superior to
the corresponding Metropolitan tests. The Numeration tests
were relatively the same, tbe‘qcaled‘uoney test was superior
to the Metropolitan I test, about equal to the Metropolitan
II test, and inferior to the Metropolitan III test. The
scaled Time test was inferior to the Metropolitan II Time
test. It should be remembered, however, that only the
Addition and Subtraction scaled tests had good scalability
and reproducibility coefficients for Oakleaf. The Time and
Money tests barely met the criteria and the Numeration test

did not meet the criteria. Therefore, only the Addition and

Subtraction tests were good examples of scaled tests in the
present situation.

The second phase in the comparison of score patterns
coqcerned the scaled tests and the tests which were derived

to be scaled from the Metropolitan batteries. While only

two of the Metropolitan tests met the criteria for scaling
and many did not have enough items to even attempt the
calculation of the criteria, all were included in this analy-
sis. The reason was to determine if any of the tests had
improved pattern per test ratios which were comparable to
the scaled tests. The results are presented in Table 22,

Again, only those maximum values  employed in the calculation

are presented in the table. :
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. TABLE 22 .
ANALYSIS OF SCORE PATTERNS PER TEST FOR SCALES DERIVED
FROM THE METROPOLITAN TESTS
. Total !
Total Maximum  Total
Test ﬂ People Patterns Patterns .Patterns/Teut 1
Metro. I Subt. 6 2 | .33
Metrg. II Subt. 29 ‘ | 22 ‘,76
Metro. III Subt. 27 12 Y
Metro. I Add. o 3 il .33
Metro. II Add. 19 | 4 .21
Metro. III Add. 24 23 <96
Mpttg. I Num. 15 5 .33
Metro. II Num. 9 5 «56
Metro. III Num. 6 5 .83
Metro. I Money 6 4 .67
Metro. II Money 14 7 .50
Metro. III Money 26 3 12
Metro. II Time 6 4 67

Comparing the results of Table 22 with those of
Table 21, the scaling methodology resulted in improved patterns
per test ratios for the derived Metropolitan Addition and

Subtraction tests, and in some cases the ratios were supe-

rior to those of the scaled tests. The rcnaiu}ﬁb‘rniulta

were inconsistent, improving in some tootu,.and‘ahowing

greater patterns per test ratios in other cases.
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4. The final cqmparison between the scaled tests and
the Metropolitan tests involved the validity of the tests
in terms of how nccurntely they predicted the pupils positions
in the five unitu f the Oakleaf curriculum sequence. The
predictions followod thq same criteria established previously
for the soaled toot'. and were based on raw scores. As a
rolult, no coofrivpd itema were present for the Metropolitan
tests. The rosultl wers compared by grade, and only those
pupils who hnd tnkon both tests were included. The :esults,
prosontod in Tablo 23, 1ndicate the percentaqos of perfect |
p:odiotionl agd prodiottons one, two, three, and more than
threeikfils\off.i Iho number in parentheses after the
test name is the nunborfof prcdictions qmployed in the cal-

culntlono.
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The results appeared inconsistent. The scale tests
made better predictione~in'uome instances vhereaswthe
MetrOpolxten teets were better in chers. Tb attempt an
explanation for these inconsistencies, the number of dif-
ferent items employed to test the various levels in each
unit were determined. As discussed in the gecgion_¢evoted
to the validity of the scaled teets,<egreeterpveriety of
items coveringfa range of behevierel objectives should
‘enhance the predictions of pupi} position in the curriculum
sequence; The same was euggested as aureaeoh~tor the
differences between the scaled and Metropolitan tests.

As a result it was necessary to obtain the number of items
testing each level of the five units. The ecaled tests
covered all three grades, but each of the Metropolitan
betteries only covered one grade. Theretore, in order to
compare the two types of tests the renge of levels in which
the pupils of each grade were working were also obtained.
Only the items included within the renge of levele for a
particular grade were countea.f The number of items testing
each level of the five units are presented in Table 24. The

“braces above the levels represent the ranges of level for

each grade.

P
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© TABLE 24

NUMBER OF ITEMS. TBSTING EACH LBVBL OFf THE FIVE
SELECTED UNITS IN THE OA F CURRICULUM:
SCALED TESTS VERSUS METROPOLITAN TESTS

Subtraction | Brd |
[ Ist Grade ]
A B C D E
Scaled Tb:t Itgms 1 3 3 4 0
Matro. 1 Iteml 0 3 ) 0 0
Matro. II Items 0 3 3 2 0
Metro. III Items 0 0 4 2 2
Addition - Brd Gradel
| T 2nd Grade |
I Ist Grade }
A B C by E
Scaled Test Items 1 2 5 2 4
Metro. I Items 0 3 0 0 0
Metro. Il Items 0 1 5 1 0
Metro. III Items 0 1l 5 3 3
r Numeration
| Ist Grade
A B C
Scaled Test Items 5 4 2
Matxo, I Items 3 4 1
Metro. II Items 2 4 2
Metro. III Items 0 0 0
Money W
I Ist Grade
A B C
Scaled Test Items 1 2 2
Metro. I Items (1] 1. 2
Metro. II Items 0 0o 1
Metro. III Items 0 0 0
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TABLE 24 (continued)

NUMBER OF ITEMS TESTING EACH LEVEL OF THE FIVE
SELECTED UNITS IN THE OAKLEAF CURRICULUM:
SCALED TESTS VERSUS METROPOLITAN TESTS

Time | ‘ Brd Grade!
____I""2nd Grade |

] 1st Grade
A B C D E
Scaled Test Items 0 3 9 4 0
Metro. I Items 0 1 0 0 0
Metro. II Items (1] 0 3 0 0
Metro. III Items - 0 0 1 0 0
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In considering tables 23 and 24 together, only eight
of the fifteen comparisons could be explained by tests having
a greater variety of items to cover a range of objectives.
The remaining seven comparisons could not be explained with

the above reasoning. Closer inspection of the data yielded

several explanations,

For first grade Subtraction the scaled test had
eleven items to the Metropolitan's three, yet the two tests
were about equal in predicﬁinq the pupils within three skills
of their actual unit and skill. The Metropolitan test,
however, predicted sixty-three percent of the pupils within
one skill while the scaled test only predicted forty percent.
There were seven items in the scaled test which were at
levels C and D. The last objective tested by the Metropolitan
test was the last objective in level B. The majority of the
first grade studentpﬁ(nineteen) did notbwork at all in the

Subtraction unit, but were placed at the beginning of level

C for 1965. These pupils, however, were able to answer items

in the scaled test which pertained to a higher level, even
though they had not reached that level in the curriculum
sequence. Because of this the pupils were predicted above
where they were placed. Such occurred in twelve cases. No
opportunity to pass such items was present in the Metropolitan
test. Therefore, all those passing the three items were
predicted at the first skill of level C.

The same line of reasoning was suggested as an

explanation for the results of the second grade Adcdition




99 ‘

tests, the first‘grade Money tests, and the first and second
grade Time tests.

The absence of items at level E for the scaled
Numeration test, third grade, was suggested as a reason for
this test having a greatef number of predictions more then
three skills off when compared to the Metropolitan test.
Only three of the third grade pupils were working in level
D. All others were working above that level. While only
three items constituted the Hetropolitah Numeration test, all
were at level E. |

. One suggested reaaon‘for the‘differénce between the
third grade Addition tests was that the itoms at level E on
the scaled test were easier items than those at level E on
the Metropoliéan. ‘The level E Metropolitan included both
the addition ofwfour-digit numerals with carrying and state-
ment problems ihvol&th cariying;of multiple-digit numerals.

Neither’qf these dbjectivua was tested on the scaled tests.

Some credence was given this suggestion because twenty
level E predictions were made from the scaled test and

eighteen of theie wé;elt6o“ﬁigﬂ;h Only nine level E predxctions

were made from the Metropolltan with six being too hiqh..




VI. CONCLUSIONS AND SUGGESTIONS FOR PFPURTHER RESEARCH

From the results it can be concluded that it is
indeed possible to construct sequentially scaled achieve-
ment tests in certain areas of arithmotic. No conclusions 1
were reached concerning the Time tests, since further re-
vision was necessary before it would scale. Several other
tests, while scaled, require improvement. These results
pertain to five selected areas in arithemetic covering grades
one through three; thus the conclusions are restricted to
these areas. Further investigation at all grade levels in
arithmetic achievement areas such as multiplication, divi-
sion, and fractions is warranted. Tho nature of arithmetic
lends itself to scaling, since many procosaea dcpend on pre-
viously learned skills. The scaling procedures should also
bc attomptcd in other subject matter areas to;determine the

scope of application.

The application of any particular scaled test may
be limitod, however. The results of the Numeration test
showed that a test may acalo for one group and not another.
The rank differenco correlations botwoon thc toata for the
Oakloaf and Sickman lubjocts indicatod fluctuation in the
itom ordcrc botwocn groupa. Thll rolult moant that a given
ordor of itomc may acalo for one qroup but nood roarranqemont
to acale for anothor qroup.L’Thoreforo. whon doacribinq a
/toat aa acaled thc atatomont lhould portain to a cpecific

‘qroup and order of itcns. A roacon awggoated for thc variation

Uiddwo,s
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in item orders is that two different types of schools wsre
employed in the present investigation and the orders in
which the behavioral objectives were taught may have not
been the same. This suggested that while the scaling metho-
doiﬁgy may have a wide range of application, any specific
scaled test may have a rather restricted range of application
dependent on the order of the objectives in the curriculum.
It would be hazardous, therefore, to attempt to infer
beshavior from total score for a group whose curriculum
ssquence differed from the sequence on which the scaled

test was based.

These results alsoc substantiated the warnings of
Schuessler, Torgerson, Campbell, and Kerckhoff (see page 26)
who stated that one could not eonciudc. on the basis of a
sample, that a universe was scaled. In the present in-
vestigation the same itums had a different scaled oxder for
two different samples. This suggests that certain skills
in mathematics may not be prerequisite to others but,
rather, depend on the order in which they are taught. The
scaling procedure, therefore, may have application in the
determination of prerequisite skills. Such application
should be the topic of future research.

The final orders of items which obtained the maxi-
mum criteria for scales in the Oakleaf ‘and £ickman samples,

respectively were not the same orders as lggienlly postulated

for the cbjectives. This: suggested that empirical verifica-
tion through the :scaling methodology ‘should be attempted
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before an order of objectives and their corresponding items
are considered scaled.

The resultant item orders also indicated that the
objectives in the Oakleaf curriculum were not in the best
seéuence. For example, in both the Oakleaf Subtraction and
Addition tests the objectives and items involving borrowing
or carrying with single or multiple~digit numerals were more
difficult than those which involved multiple-digit numerals
without either borrowing or carrying. In each instance,
however, borrowing and carrying with single-digit numerals
was taught at the level before multiple-digit numerals
without borrowing or carrying. Such examples suggested that
the use of the scaling methodology may have application in
curriculum analysis. Such an application should be the topic
of future research.

The scaled tests were constructed as one method of

obtaining greater meaning from test raw score; namely, to

be able to infer behavior from raw score. The scaled test
raw scores should indicate what specific behaviors a pupil
has magtered on the test. Excluding the results of the Time
test which was not scaled; such inferences were possible
from the tests obtained in the present investigation. 1In
each test from eighty-seven to ninety-seven percent of the
total raw scores were within one item of representing the
first n items passed. v o oo s whie otk e

- ‘These-results concerning the ‘items represented by -

-the total score were in contrast: to the: results from:the =
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total raw scores of a norm-referenced test, the Metropolitan

Achievement Test. Except to state that so many items were

passed and failed, no meaning could be given to the total
raw scores of the two arithmetic subtests of the Metropolitan |
at ;aeh of the first three grades. These total raw scores
included items from Addition, Subtraction, Multiplication,
Division, Fractions, Money, Time, etc., but there was no
way of telling from the total score which of these items were
passed and which were faziled. Even with the Metropolitan
items identified according to units, the scaled tests had
more stable score atterns. This latter result should be
further substantiated, however, for it was based on only two
scaled tests, Addition and Subtraction.

The items which appeared in the scaled tests and in
the Metropolitan tests were similar in many cases. When
the scaling methodology was applied to the unit tests derived
from the Metropolitan two scaled tests were obtained. The
apparent reason for more scaled tests not being obtained
was lack of item rather than differences in items. The
essential point was that scaled tests could be obtained from
a norm-referenced test.  This suggested that the two types
of tests, scaled and norm-referenced, differed mainly because
of the nature of the information desired from the raw score.

The results of application of two item analysis pro-
ccdu:qstbvthe nqglndwtnstuwnuggnﬁtqduthut,thwuppqulower
tunntyssqvcn»pprecnt»mgthod:wq!ginagpropz&nziatni»!qgled~tests
since items rejected by this procedure were good. items for a. .

scale. The results also further substantiated the

contention that the type of item analysis applied should




depend on the type of test desired. Further research is
needed in this area with the investigation covering a
wider range of item analysis procedures and varying types
of tests.

| The split-half reliability coefficients obtained for
the scaled tests were of the same magnitude as those of the
Metropolitan subtests even though the procedure was more
suited to the Metropolitan. Because of the contaminating
factors the scaled tests may well have higher split-half
reliability than the Metropolitan arithmetic subtests.

Further research is suggested in the area of test-

retest reliability for scaled tests. One test-retest
procedure which could be attempted would be to administer
the scaled test, wait a day, and re-administer the test.
This should practically eliminate the contaminating factor
of having the ranks of students change. If extended periods

of time are allowed to pass between administrations, a

procedure might bé”ébveldﬁéd which would encompass only the
itams passed on the initial test administration. That is,
if a pupil passed the first n items the initial time he
should have passed at least the first n items the second
time.

'The validity procedure which involved predicticns
O£fpupil*pOsitién*in*%hgﬁcuﬁriculumsaGQﬁdhddﬁisvlﬁqucted
a8 providing a type of ‘coiiitruct validity. ' The ‘results

suggedted that this type of validity can be.increased by
‘greateér coverage of the behavioral objectives in a curriculum
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sequence. While this conclusion should have been obvious,
the results afforded empirical evidence. The results also
suggested certain contaminating factors for this type of
validation: (1) If the ohjectives are not in the same
seduence in the curriculum as tneg gre_in the test, the
resultant predictions may beilees accurate than if the
orders were the same. (2) Two of the fdctors‘eppeered‘

to interact: the number of items and the number of objectives
tested. It is suggested that this type of validity will bee
improved with more objectives in a givenlevelybeing ascezsed
with a sufficient number of items. Purther research is
needed, hovever, to determine the amount of internctxon of
the above factors end to determlne how many items constitute
a sufflcient number to test an obmect;ve.

To employ the above validxty procedure, however, a
daily record of pupil echievement and progress in the cur-
riculum aequence is required. Puture reseerch 1n thxs area
could 1nvolve the ;;aluatxon of thie validlty procedure as ”

a type of construct validity, end also the evaluation, employing

this validity procedure, of tests currently being employed in

the schools as measures of echievement.

In addition to consideration of validity, future
investigation should employ caution in the construction of
scaled tests. When constructing scaled tests it should
be made certain that all groups to be tested follow the
same curriculum sequences, or adjust for differences being

made by scaling for each group separately.
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1f behavior is to be inferred from test score both
an individual's responses and ths order of items should
be consistent. Therefore, future investigations should
coqpider both types of reliability, stability of test scores
and stability of item orders, when a scaled test is evaluated.
Caution should also be exercised in the selection of itum
analysis procedures since the type of test desired may well
dictate the item analysis procedure to be employed.

It is also suggested that the scaling methodology
has application in the schools for use by teachers and
curriculum designers. The methodology is not complicated,
and'therefore, should be readily accessible to the classroom
teacher. Given the objectives a teacher who can write good
test items should findigpq mgghqulogy udéful~for placement,

diagnostic, and achievement testing.

From the results of the present invebtiqation
those concerned with curriculum design should also find
application for the scaling methodology. The methodology may

be employed as a device for analyzing curriculum sequences or

for determining certain prerequisite akilli.
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:+: APPENDIX B
.. MONEY - OBJECTIVES

The student will be sble t0°

1,
2.
3.
4.
5.
6.
7.
8.
9.
10.

11,

12,

The
1.
2.

Identify pennies, nickels, and dimes.

Give the value of a penny, nickel, or dime in cents.

'Identxfy the dollnr and cent signs.

Give the value of a combinatlon of two coins (penny,
nlckel, snd dime) ‘4 o | 0

Give the value of a combinatxon of 3 or’more coins
(penny, nickel dime) | co

Identify quarters, half-dollsrs, and dollars.

Identify equivalent amounts of noney.

Give the number of pennies, nickels, dimes, quaxters,
and helt-dollars in a dollar. | o

Give the value of ‘ sum of money expressed in decimal
notatlon. o .

Add two amountsof money expressed in decimal notation,
without carrying.

Add two amounts of money expressed in decimal notation,
with carrying. |

Can make change for amounts of money of $5.00 or less.

Anoxuxon OBJECTIVES
student will be able to-

COunt the number of objects in a set (less than 10).

Add two single-diqit dumersls with sums less than 10.

: L.:

a. horizontally s:ranged

. A ‘{ ! o T P S O SR R s
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3.

8.
.9.
10.
11.
12.

The
1,

118

b.‘ventipally‘arranged%
'(Wherenot_specifiedfthe.numerals are arranged

vertically)‘

Add two single-digit numerals with sums greater than

nr.eqnal to 10.

a. horizontally arranged

b. vertically arranged

Add three single-digit numerals.

Add two two=-digit numerals without carrying.

Add three two-digit numerals without carrying.

Identify the proper way to arrange numerals so that they

could be added.wy | |

Add two three-drgzt‘numerals w1thout carrying.

Add three three-diglt numerals wlthout carrylng.

Add two two-diglt numerals wmth carrylng.

Add two three-dlgit numerals w1th carrying.

Add three two-dxgit numerals with carrying.

SUBTRACTION OBJECTIVES

student will be able to:
Subtract one group of objects from another, 10 objects
or less.
Subtract using the expression “take away," with
numerals less than: 10, -
Subtract sirgle-digit numerals.
a. horizontally.arranged '
b. vertically:arrangeéd:. .. :

(Where not specified the numerals are arranged

vertically)
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4. BSubtract a single-digit numer:l from a two-digit numeral -
(less than 20) without borrowing: -
5. Identify the proper way to arrange numerals so that they

can be subtracted.

6. Subtract a single-digit numeral from a two-digit numeral

(less than 20) with borrowing.

7. Subtract two two-digit numerals without borrowing.
8. Subtract a two-digit numeral from a three-digit numeral
without borrowing.‘

9. Subtract two three-diéit numerals without borrowing.

10. Subtract tﬁb twb-digitfnumeralébwith borrowing.

TIME: TELLING OBJECTIVES
The student will be able to:
l. Fill in the missing numerals on a clock face.
2. Identify the-hour and minute hands.
3. Tell time to the hour.: .
4. Tell time to the half-hour.

5. Tell time to the quarter-hour. -

6. Count the number of minutes between two points on a

clock.
&. up to 30 minutes = ¢
b. from 30 minutes to:l odur
7. Discriminate:betwﬁenaclockefacgswuhen the timeaignexpressed
as: .

a.: - 'minutes after i . - . (half-hour): . ../ iwet

b. i thirty. (half-hour)




8.
9.

8.

9.

10.

11,

12,

13.

14.

tWrite the numerals that come before and after a given

120

Write the time, in numerals (e.g. 8:00), when given a time.
Write the time in numerals when given a clock face:

a. to the hour

'b. to the half-hour

c. to the quartershour
d. te five-minute intervals

e. to the minute

NUMERATION OBJECTIVES
student wrll be able to-
Recognize numerals from 1 to 10.
Write numerals sequentially from 1 - 10.
Find the:lerger or smaller of two numerals from 1 - 10.
Write the numeral that comes just after a numeral from 1 - 10.
Write the numeral that comes just before a numeral from 1 - 10.
Recoqnize-nunernlsffrom 1 - 100. |
Write nunerale sequentially that come between two given
numerals from 1 - 1@0. |
F;nd the 1arger or smeller of two numerals from l - 100.

COunt the number of objects in a group presented vzsuelly.

COunt by fiveg from 1 - 100.

number or serles of numbers from 1 - 100.

Write sequentielly, countan by ones. the numerals that

follow a given numeral from 100 - 1000. .

Write the numeral thﬂb conea juat after a. given numeral
from 100 - 1000. ; |
Write the numeral that comes just before a given numeral

from 100 - 1000. .




4.
5.
6.

7.
8.
9.
10.
1l.
i2.

13.
14.
15.
16,

19.

A

" A

A

A

APPENDIX C

A SHORT DESCRIPTION OF MATHEMATICS UNITS

Numeration - Counting to ten.

Addition - Addition to sums of six with pictured objects.

Ffactions - Identification of 1/2 of objects and small
gets.

Money - Recognition of common coins (penny, nickel, dime).

A Time - The day as a unit of time.

>

w w w W w >

0O 0O 0 w

Systems of Measurement - Qualitative dimensional

discrimination by verbal directions.

Geometzsy - Recognitioh of simple geometric figures.
Numeration - Counting to 100. Use of ordinals to 10th.
Addition - Addition to sums of 10.

Money - Beginning money equivalents (5¢ = 1 nickel).
Time - Clock reading to the hour.

Systems of Measurement - seginning equivalent length
(3 fto - l Ydo)o

Geometry - Draws simple geometric figures.
Numeration - Counting to 150.
Place Value - Place value charting to hundreds.

Addition - Two digit sums without cazxyinq but with
expanded notation.

Subtraction - Two digit differences without carrying but
with expanded notation.

Combmnation of Proceases - Word problems with skills
learned to this point plus
selection of proper operatior
to solve problems. -

Fractions - With fractions to 1/4 divides single objects
. and groups of cbjects. ,



20.

21.

22,

27.
28,
29.

30.
31.

32.

33,

34.
35.

36.

37.

&

C

C

Money = Practicsl use of ponny, nickal, dime, and.
guarter. oo )

Time -~ Solves problomo requiring addition or subtraction
of hours,

Systems of Measurement - Converts units: inches ~ feat,
pint - quart - cup. dozen - 1/2
‘dozen. . S

Geometry - Rocoqnisos cnd namcs solid geometric figurcs.

Special Topics - noads Roman numcralo, to 10: reads
thermometerx; reads charts and graphs.

Numeration = .Counting to: 1,000 (reading and writing
numcrals with skip counting ).

Place Value - Makes and rcado ploce value charts to
thousands. L ,

Addition - Begins addition with carrying.
Subtraction - Begins subtraction with borrowing.

Multiplication - Does multiplication as repeated addition.
Memorizes tables thrcugh 5 x 5.

Division - Does division as. partition, inverse to
addition, and memorizos tablcs throngh 25
divided by 5.

Combination of Processes - 801ves problems requiring

R :q;~~ .selection and discrimination
L of many proccsses.

Fractions - Applles fractional concepts 0/3, 3/4) to objects
o and groups. . Begins formal operations
(1/2 X 8 = ?),

Money .- Operates with money values to $5.00.

Time - Tells time to the minute and uses time in problems.

Systems of Measurement - Extends linear and volume systems
and begins metric system with
centimeters.

Geometry - Identified‘open versus closed curves; line
segments versus lines.

Special Topics - Reads Roman numerals to 30.
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38,

39.

40.
41.
42.

43,

44.

45.

46.

47.
48.

49,

50.

E Combinationkofgrrocollcj

123

B Numeration - I&cntifiud odd versus even numbers; rounds
an chApatcs

e I8

E Place Valuo - UIQI place value to millioncs begins
exponont- of ba:eklo.—

dq;mnlt plicdtion as repeated addition.
s associative and distributive
pr nciple nd does simple multiplication
yj' withfcnrrxiug o

E Division - vnoa ladde”walgotithm,kox division.

’fsolma:?using n as variable.
Does: operations with competing
pr@ce::es.

E Fractions - Identifies Qquivaleat fractions- adds
fraction with?a caumon denominator.

E Money - Adds and subtracts money valuea using decimal
notation. SO

E Time - Uses lﬂconds in tame pxobleml.

E Systems of Haaiuramant - Adds and subtracts measures
L v by reqxouping when necessary.

E Geometry - Idantitiﬂs simple linc figures (equilateral
triangle, quadrilateral, parallel lines,
imidppint. end points, right angle,
;intcrlocting lincl.;pazpendicular lines).

E Special Topicq”- j..g ‘1mpletn‘p.‘ ?#H

P
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